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ABSTRACT 

This  r e p o r t  i s  Volume &.- of t h e  F i n a l  Report on Mission Cont ro l  
Systems Ef fec t iveness  Analys is ,  NASA Contrac t  T-53803-6. This  volume 
desc r ibes  t h e  a n a l y s i s  performed on t h e  MCC Display and Cont ro l  System. 
C h a r a c t e r i s t i c s  of t h e  Display and Cont ro l  System a r e  d iscussed  i n  
terms of c a p a c i t i e s  and c a p a b i l i t i e s  and then  usage analyses  based 
on a c t u a l  GT-8 miss ion  da ta  are presented ,  followed by conclusions 
and recommendations. 
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SECTION I 

INTRODUCTION 

The t e c h n i c a l  assessment and de termina t ion  of l i m i t s  of cap- 
a b i l i t i e s  of t h e  Display and Control  System r e q u i r e s  t h e  es tab l i shment  
of o b j e c t i v e  s t anda rds  and measurable c r i t e r i a .  I n  the  absence of 
e s t a b l i s h e d  measurement c r i t e r i a  t h e r e  i s  no s imple o r  formal method 
of determining when t h e  MCC, o r  one of i t s  major subsystems, i n  i t s  
present  o r  planned conf igu ra t ion ,  w i l l  become a l i m i t i n g  f a c t o r  i n  
space f l i g h t  c o n t r o l  and opera t ions .  The d i s p l a y  system has f u l f i l l e d  
i t s  r o l e  s u c c e s s f u l l y  t o  da t e .  The f a c t  t h a t  i t  may, from t i m e  t o  t i m e ,  
r e q u i r e  updat ing and r edes ign  t o  f u l f i l l  f u t u r e  mission requirements 
t h a t  a r e  not  y e t  def ined  i n  adequate d e t a i l ,  i s  a source of concern. 
A formal and complete t e c h n i c a l  assessment of t h e  d i sp lay  system cur -  
r e n t  c a p a b i l i t i e s  he lps  t o  provide a b a s i s  f o r  determining equipment 
adequacy i n  regards  t o  proposed redes ign  and conf igu ra t ion .  

This  volume of t h e  r e p o r t  d i scusses  t h e  d i s p l a y  system capac i ty  
and c a p a b i l i t y ,  i n  t e r m s  of va r ious  measures e s t a b l i s h e d  during Task A l .  
During t h i s  t a s k ,  d i sp l ay  system block  diagrams were prepared and sub- 
mi t t ed  t o  NASA. This  e f f o r t  r e s u l t e d  i n  an  i n s i g h t  i n t o  t h e  phys ica l  
na tu re  of d i sp l ay  system equipment. 
concerned wi th  ope ra to r  a c t i o n s  and demands upon t h e  d i sp lay  system, 
was done t o  acqu i r e  a complementary i n s i g h t  i n t o  t h e  use  of t h e  d i s -  
play system. These usage analyses  a r e  d iscussed  here  i n  d e t a i l ,  and 
then  a summary of conclus ions  i s  presented ,  based upon t h e  usage 
ana lyses .  This  i s  followed by recommendations f o r  cont inuing d i sp lay  
and c o n t r o l  system a n a l y s i s  which w i l l  a i d  NASA personnel  i n  making 
des ign  and procurement dec i s ions .  

A subsequent set of usage ana lyses ,  



SECTION 11 

GENERBL APPROACH 

INTRODUCTION 

The formal s tandards  and c r i t e r i a  upon which t o  base q u a l i t a t i v e  
and q u a n t i t a t i v e  judgments of any of t h e  MCC systems do not  e x i s t  t o  
any apprec iab le  ex ten t .  One can s t a t e  t h a t  t h e  RTCC performed t o  
some es t imated  va lue  of des ign  c a p a b i l i t y ,  t h e  communications system 
experienced a c e r t a i n  number of outages i n  a s p e c i f i e d  mode of ope ra t ion ,  
o r  t h a t  t h e  d i sp lay  system was cha rac t e r i zed  by a c e r t a i n  average t i m e  
delay i n  f u l f i l l i n g  d i sp lay  r eques t s .  These measurements, by them- 
selves, do no t  f m m  veryCbmpl&tg eva lua t ions  of equipment adequacy, 
nor do they  r e f l e c t  t h e  o v e r a l l  system performance p o t e n t i a l .  Com- 
p l e t eness  i n  eva lua t ing  equipment des ign  and subsequent performance 
is  d i f f i c u l t  because : 

1. Modes of o p e r a t i o n  vary w i t h i n  and between f l i g h t s .  
2 .  Nominal f l i g h t s  and f a i l u r e s  causing e a r l y  and sudden mission 

te rmina t ion  do not  tes t :  t h e  f a c i l i t y  and equipment t o  des ign  
l i m i t s  

r e f l e c t e d  i n  a c t u a l  implementation and ope ra t ion  of t he  
f a c i l i t i e s  

4 .  The ope ra t ion  of t h e  equipment. and f a c i l i t i e s  changes wi th  
use and experience.  

5. Personnel have d i f f e r i n g  phi losophies  and c a p a b i l i t i e s  wi th  
regards  t o  opera t ions  and equipment usage. 

6 .  Mutual dependencies between d i sp lay  and RTCC sof tware  a r e  
d i f f i c u l t  t o  determine. 

7. Equipment and personnel  performance a r e  d i f f i c u l t  t o  p r e d i c t  
i n  degraded o r  non-standard modes of opera t ions .  

3 .  Orig ina l  des ign  phi losophies  and documentation may not  be 

Ear ly  i n  t h i s  s tudy e f f o r t  i t  was concluded t h a t  a gap e x i s t e d  
i n  the  documentation of t h e  MCC design,  No system des ign  book, o r  
books, were found t h a t  descr ibed  and d e a l t  with t h e  MCC and i t s  major 
systems on a n  adequate  f u n c t i o n a l  l e v e l .  There w e r e  q u i t e  d e t a i l e d  
and adequate s p e c i f i c a t i o n s  on equipment, and gene ra l  d e s c r i p t i v e  
documentation ( a s  an example PHO-FAM 001) which were s u p e r f i c i a l  i n  
a systems engineer ing  des ign  sense.  To both f u l f i l l  t he  t a s k  a s s ign -  
ments, and h e l p  overcome t h e  documentation gap i t  was decided t o  
evolve a set  of d i s p l a y  system block  diagrams. These would se rve  
t h e  fol lowing purposes:  

2 



1. Fami l i a r i ze  MITRE personnel  with t h e  d i s p l a y  system and a s su re  
t h a t  MITRE had acquired a proper understanding of t h e  system. 

2. Provide NASA management wi th  a coord ina ted  s e t  of b lock  diagrams 
which p resen t  e a s i l y  understood engineer ing-type information 
on t h e  l i m i t s  and c a p a b i l i t i e s  of t h e  d i sp lay  system. 

sys  t e m  des ign  book. 

ana lyses  of t h e  d i s p l a y  system. 

3. Form a b a s i s  f o r  t h e  development by MSC of anMCC engineer ing  

4 .  Serve a s  a launching platform i n t o  e f f e c t i v e n e s s  and usage 

I n  analyzing t h e  c a p a b i l i t i e s  of t he  d i sp lay  system i t  was decided 
t h a t  an  a n a l y s i s  procedure was requi red  t h a t  was not  over ly  expensive 
and which could be used by NASA t o  a i d  i n  equipment s e l e c t i o n  during 
system augmentation. This a n a l y s i s  r equ i r ed  t h e  breaking down, o r  
p a r t i t i o n i n g ,  of t h e  MCC i n t o  subsystems which a r e  f u r t h e r  d iv ided  
i n t o  p a r t s  t o  be analyzed. This subopt imiza t ion  procedure r e q u i r e s  
t h a t  r e l a t i o n s h i p s  and i n t e r f a c e s  between systems and p a r t s  be ca re -  
f u l l y  de l inea ted .  Fo r tuna te ly ,  t h e  d i sp lay  system i s  e a s i l y  decoupled 
from t h e  o t h e r  MCC systems i n  t h e  present  conf igu ra t ion .  The only 
i n t e r f a c e  a rea  of concern was with t h e  RTCC, and t h i s  i n t e r a c t i o n  a rea  
was e a s i l y  def ined  (except  wi th  r e s p e c t  t o  i n t e r n a l  programming a c t i o n s  
and de lay  t i m e s  w i t h i n  the  RTCC). 
were adequately de f ined  i n t e r f a c e s  between subsystems which were w e l l  
documented i n  d e t a i l e d  s p e c i f i c a t i o n s .  This  made t h e  t a s k  of gene ra t ing  
system block diagrams r e l a t i v e l y  s imple,  bu t  t ed ious ,  It was f e l t  
t h a t  t h e  b e s t  procedure was t o  t r a c e  d a t a  f low l ine -by- l ine  (and some- 
times b i t - b y - b i t )  i n  t h e  form of open o r  c losed  loops through t h e  
d i s p l a y  system, and then  t o  present  t h e  p e r t i n e n t  in format ion  on block 
diagrams i n  a n  easy-to-read manner. This  was accomplished under Task 
A 1  e 

Within t h e  d i s p l a y  system t h e r e  

The next t a s k  cons i s t ed  of performing usage ana lyses  which would 
hopefu l ly  l e a d  t o  an e f f e c t i v e n e s s  ana lys i s .  This  s tudy was t o  be 
l i m i t e d  t o  eva lua t ing  equipment and format usage only,  without  much 
emphasis upon the  o p e r a t i o n a l  a spec t s  of how t h e  d i sp lay  system i s  
used by f l i g h t  c o n t r o l  personnel.  However, i t  i s  d i f f i c u l t  t o  com- 
p l e t e l y  decouple equipment performance and o p e r a t i o n a l  use and, i n  
t h e  usage a n a l y s i s  p a r t  of t h i s  s tudy ,  some e f f o r t s  were devoted t o  
ob ta in ing  and analyzing d a t a  on how the  d i s p l a y  system was used by 
t h e  GT-8 console  opera tors .  Usage d a t a  i n  t h e  form of t a b l e s  and 
graphs were developed, but  judgments on t h e  human and ope ra t iona l  a s -  
pec t s  based upon t h i s  da t a  were considered beyond t h e  def ined  scope 
of t h i s  i n i t i a l  four-month s tudy e f f o r t .  

DESCRIPTIOBI OF ANALYSIS 

The Display/Control  (D/C) system has 5 subsystems, (CDCIS, TV, 
Console,  Group Display,  and Timing Subsystems) each having many elements.  

3 



This  complex hardware conf igu ra t ion  se rves  many func t ions ,  such a s  
i n d i c a t i o n  of even t s ,  c o n t r o l  of computer program swi tch ing ,  s t a t u s  
i n d i c a t i o n ,  and hardcopy gene ra t ion ;  bu t  most important  ( i n  the  sense  
of need f o r  a n a l y s i s )  i s  t h e  d i sp lay  r e q u e s t / r e t r i e v a l  func t ion .  The 
man/machine i n t e r f a c e  involved he re  i s  an  important one,  p a r t i c u l a r l y  
i n  t h e  a rea  of response t i m e ,  i . e . ,  t he  t i m e  between t h e  i n i t i a t i o n  
of a d i s p l a y  r eques t  by a human ope ra to r  and t h e  d e l i v e r y  of t h e  com- 
p l e t e  d i sp l ay  by t h e  system., Other a spec t s  of importance a r e  the  
loading on va r ious  p a r t s  of t he  system, t h e  malfunct ions which occur ,  
t h e  e x t e n t  t o  which p a r t s  of t h e  system a r e  s a t u r a t e d  (opera t ing  near  
t h e i r  l i m i t s ) ,  t he  way i n  which console  ope ra to r s  use  t h e i r  input  de-  
v i c e s ,  and t h e  way i n  which they s e l e c t  va r ious  d i sp lay  formats.  I n  
t h i s  s tudy ,  a l i m i t e d  look  was taken  a t  each of t h e  above a reas .  

The a n a l y s i s  approach tends t o  be shaped by the  p a r t i a l l y  random 
occurrence of f l i g h t  c o n t r o l l e r  a c t i o n s ;  t h i s  t oge the r  w i th  o the r  
random f a c t o r s ,  such a s  t h e  times of occurrence of scheduled and un- 
scheduled events  o r  t h e  number of r ea l - t ime  updates ,  imposes a varying 
load on the  system which tends t o  r e q u i r e  t h a t  any meaningful pre-  
d i c t i o n  of performance be i n  t h e  form of a s t a t i s t i c a l  or  p r o b a b i l i s t i c  
s ta tement  (e .g . ,  " the  de lay  w i l l  not  exceed 4 seconds f o r  90% of t h e  
d i sp lay  reques ts" ) .  Such s ta tements  can  be der ived  f o r  demand/response 
systems, such a s  t h i s  one, e i t h e r  a n a l y t i c a l l y  from mathematical  
models ( t h e s e  must be based on experimental  observa t ions  of t he  system),  
o r  exper imenta l ly  from measurements taken  on t h e  system during ope ra t ion ;  
i n  cases  where n e i t h e r  of t hese  i s  f e a s i b l e ,  i t  i s  sometimes poss ib l e  
t o  de r ive  extremes of performance, i n  terms of "best  case"  and "worst 
case", by analyzing the  system hardware and o p e r a t i o n a l  c o n s t r a i n t s  

The gene ra l  approach taken i n  t h i s  a n a l y s i s  was a mixture  of ex- 
per imental  measurement and best-case/worst-case approaches,  wi th  most 
emphasis on t h e  former,  T ime  d i d  not permit t h e  accumulation of 
s u f f i c i e n t  d e t a i l e d  d a t a  t o  a l low t h e  c o n s t r u c t i o n  of s t a t i s t i c a l  
models f o r  p r e d i c t i n g  system performance under d i f f e r e n t  cond i t ions ,  
hence the  main r e s u l t  i s  t o  g ive  a g ross  p i c t u r e  of t he  system's  
performance on one p a r t i c u l a r  mission (GT-s),  and t o  develop tech-  
niques and procedures t h a t  should u l t i m a t e l y  a i d  NASA i n  making des ign  
and o p e r a t i o n a l  dec i s ions  concerning t h e  d i sp lay  system, A s  a b a s i s  
f o r  t h e  a n a l y s i s ,  Task A 1  was performed, ice.> each subsystem w i t h i n  
t h e  DfC system was broken down i n t o  component blocks of hardware, and 
each of t hese  descr ibed  a t  a very d e t a i l e d  l e v e l ,  i n  terms of i t s  
phys ica l  and f u n c t i o n a l  c h a r a c t e r i s t i c s  

From t h e  b a s i c  and d e t a i l e d  d a t a  on t h e  system elements ,  subsystem 
and system c h a r a c t e r i s t i c s  can be developed. A t  t h e  system l e v e l  of 
a n a l y s i s ,  t h r e e  f a c t o r s  s t and  out  a s  important :  

4 



6 The D/C system capac i ty  and c a p a b i l i t y  i s  shared by a number 
of console  ope ra to r s ,  on both a space and t i m e  b a s i s  (e.g. ,  
t h e  D/TV Converter i s  shared on a space  b a s i s  by a l l o c a t i o n  
of i t s  28 phys ica l ly  s e p a r a t e  channels ,  whi le  t h e  C I M  i s  
shared on a t i m e  b a s i s  by s e q u e n t i a l  scanning of i t s  users).  

of t h e  D/C system a t  any g iven  t i m e .  

g iven  in s t ance  a r e  u t i l i z e d  i n  s e q u e n t i a l  (series) cha ins ,  
wi th  the  output  of one element se rv ing  a s  t h e  input  of an- 
o the r .  The complete set of elements forming such cha ins  
can be thought of a s  loops (open o r  c losed)  which e i t h e r  
s t a r t ,  f i n i s h ,  o r  both s t a r t  and f i n i s h ,  wi th  t h e  human 
ope ra to r .  

0 A s i n g l e  console  opera tor  uses ,  a t  most, only a smal l  p a r t  

9 The system elements s e rv ing  a g iven  console  ope ra to r  i n  any 

Only a much more complete a n a l y s i s  t han  descr ibed  he re  can  ad- 
equate ly  t ake  i n t o  account t h e  ind iv idua l  and random i n t e r a c t i o n s  
implied by t h e  f i r s t  of t h e  above f a c t o r s .  In s t ead ,  t h e  performance 
and loading  of va r ious  system elements i n  response t o  t h e  aggregate  
demand of @ console  ope ra to r s  was s t a t i s t i c a l l y  determined from 
d a t a  recorded dur ing  GT-8. The r e s u l t s  a r e  d iscussed  under Display 
System Usage Data Analysis  (Sec t ion  I V ) .  

A s  a consequence of t h e  second f a c t o r  above, i t  i s  reasonable  t o  
analyze t h a t  po r t ion ,  o r  por t ions  of t he  D/C system which a r e  t y p i c a l l y  
u t i l i z e d  by a s i n g l e  Console Operator i n  performing some monitor ing 
o r  c o n t r o l  func t ion .  P a r t s  of t h e  system which can se rve  a l l  con- 
t r o l l e r s  s imultaneously without  any degrada t ion  of performance o r  
which impose no apprec iab le  response t i m e  c o n s t r a i n t s  (such a s  t h e  
Group Display and Timing Subsystems), need not  be included. Hence 
t h e  CDCXS,Console, and TV subsystems remain as  candida tes  f o r  more 
d e t a i l e d  a n a l y s i s  e 

A s  a consequence of the  t h i r d  f a c t o r  above, i t  i s  d e s i r a b l e  t o  
analyze t h e  performance of t he  va r ious  open and c losed  cha ins  (o r  
loops)  of elements used f o r  d i sp l ay  r e t r i e v a l  and o the r  func t ions .  
The a n a l y s i s  of a commonly - used c losed  loop (d isp lay- reques t  loop)  
i s  g iven  i n  Sec t ion  111. 
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SECTION III 

DISPLAY SYSTEM CAPACITY AND CAPABILITY 

INTRODUCTION 

Seven phys ica l  and f u n c t i o n a l  c h a r a c t e r i s t i c s  of t h e  system hard-  
ware were e s t a b l i s h e d  a s  reasonable  measures of capac i ty  and c a p a b i l i t y ;  
t hese  w e r e  eva lua ted  f o r  va r ious  subsystem components as descr ibed  
below. 

CHOICE OF MEASURES 

The measures chosen f o r  desc r ib ing  t h e  D/C system (and t h e i r  u n i t s ,  
i f  any) a r e :  

1. Capacity (var ious  u n i t s  - number of words, b i t s ,  p o s i t i o n s ,  

2 .  T ime  Delay, Rate ( b i t s ,  c h a r a c t e r s ,  p o s i t i o n s ,  o r  frames p e r  

3 .  R e l i a b i l i t y  (usua l ly  i n  s p e c i f i e d  MTBF's, MTR's, redundancy, 

4 ,  Accuracy (% of f u l l  s c a l e  o r  nominal va lue ,  abso lu t e  accurac ies  

5. C o n t r o l l a b i l i t y  ( d e s c r i p t i v e  informat ion  about switchover 

6. F l e x i b i l i t y  ( d e s c r i p t i o n  of poss ib l e  a l t e r n a t i v e  conf igu ra t ions  

7 .  Expandabi l i ty  (number of a d d i t i o n a l  u n i t s  which can be 

l i n e s ,  channels ,  e t c . )  

second, de lays  i n  seconds,  e t c . )  

e tc , )  

i n  v o l t s ,  cm., etc.)  

c a p a b i l i t i e s  and i n d i c a t o r  and c o n t r o l  pane ls ) .  

patchable  connect ions,  modes of use ,  etc.)  

accommodated, i n  abso lu t e  va lues  o r  percentage of presen.t: 
c a p a b i l i t y ,  without  ex tens ive  procurement and r edes ign  of 
equipment), 

Although t h e r e  i s  some interdependence among these  measures, and 
though not  a l l  of them can  be descr ibed  q u a n t i t a t i v e l y ,  they do form 
a u s e f u l  and reasonably complete set of d e s c r i p t o r s  f o r  t h e  system 
hardware, They a r i s e  n a t u r a l l y  from a cons ide ra t ion  of two modes i n  
which humans i n t e r f a c e  wi th  t h e  hardware: 

(1) During a miss ion ,  F l i g h t  C o n t r o l l e r s  and o t h e r  console  ope ra to r s  
u t i l i z e  t h e  system hardware f o r  monitoring and c o n t r o l l i n g  
t h e  mission opera t ions .  I n  t h i s  mode, d a t a  and information-bear-  
ing s i g n a l s  a r e  s t o r e d ,  t r ansmi t t ed ,  converted i n  form, pro- 
cessed ,  rou ted ,  and c o n t r o l l e d ;  t h i s  immediately sugges ts  
system c a p a c i t i e s ,  t i m e  de lays  and t ransmiss ion  r a t e s ,  
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equipment r e l i a b i l i t i e s  and f a i l u r e s ,  abso lu t e  and r e l a t i v e  
accu rac i e s ,  and ease  o r  degree of human c o n t r o l ,  i.e., t h e  
f i r s t  f i v e  measures, as  being of i n t e r e s t .  

(2) Between miss ions ,  engineers  and t echn ic i ans  change and modify 
t h e  system; t h i s  r e c o n f i g u r a t i o n  mode immediately sugges ts  
system f l e x i b i l i t y  and margin f o r  expansion, i.e., t h e  l a s t  
two measures,  a s  being of i n t e r e s t .  

I n  a d d i t i o n  t o  t h e s e  measures, i t  i s  necessary t o  summarize the  
f u n c t i o n a l  and phys ica l  r e l a t i o n s h i p s  among the  var ious  hardware 
elements ,  i .e.,  t h e  inpu t lou tpu t  r e l a t i o n s h i p s ,  d a t a  and c o n t r o l  l i n e  
connect ions,  and t ransmiss ion/process ing  c o n t r o l  d i s c i p l i n e s  and log ic .  
This  sugges ts  t h e  use  of annotated b lock  diagrams; such diagrams a l s o  
provide a convenient  p lace  f o r  record ing  va lues  of t h e  va r ious  measures. 
Four such diagrams were produced dur ing  Task A l ,  and de l ive red .  
There w e r e  : 

CHART I. CDCIS, Group Display,  and TV Subsystems 
CHART 11. MITE ( p a r t  of Timing Subsystem) 
CHART 111. 
CHART I V .  Console Subsystem 

RTA Complex ( p a r t  of Timing Subsystem) 

Each c h a r t  was producsd as  a b a s i c  block diagram plus  a number 
of t r a n s p a r e n t ,  c o l o r  - coded overlays.  The b lock  diagrams show 
such th ings  a s  equipment names, groupings,  and l o c a t i o n s ,  a s  w e l l  a s  
in te rconnec t ions  and d e s c r i p t i v e  information.  The over lays  g ive  
information r e l a t i v e  t o  t h e  var ious  measures f o r  t he  va r ious  components 
i n  t h e  subsystems. These c h a r t s  were o r i g i n a l l y  produced f o r  t he  
purpose of s e l f - educa t ion  of the  MITRE C/D team, but  they have s i n c e  
become u s e f u l  t o  NASA f o r  o t h e r  purposes. 

APPLICATION OF CAPABILITY MEASURES 

To i l l u s t r a t e  t h e  a p p l i c a t i o n  of c a p a b i l i t y  measures, a s i m p l i f i e d  
a n a l y s i s  was made of a t y p i c a l  and much-used loop (d isp lay- reques t  
loop) .  This  loop,  which i s  c losed  (i.e.,  can  be t r aced  from a human 
ope ra to r  through t h e  system and back t o  t h e  ope ra to r ) ,  was analyzed 
f o r  response t i m e ,  us ing  d a t a  on time de lays  ga thered  under t h e  
Capaci ty  and Capab i l i t y  Measures p a r t  of t he  e f f o r t .  

A l l  console  ope ra to r  r eques t s  f o r  d i sp l ay  formats o r i g i n a t e  w i t h  
a manual r eques t  a c t i o n  by a console  ope ra to r ,  us ing  e i t h e r  an  MSK 
o r  DRK, and te rmina te  (completion of response)  when t h e  complete 
reques ted  d i sp lay  appears  on h i s  console  TV monitor screen.  It i s  
important ,  i n  such man/rnachine i n t e r a c t i o n s ,  t h a t  t he  de lay  between 
r eques t  and response not  exceed a c e r t a i n  va lue ,  gene ra l ly  taken  
t o  be i n  t h e  o rde r  of 1 t o  4 seconds. The a c t u a l  delay i n  a g iven  
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i n s t ance  i s  random, depending on t h e  amount of random, operator-imposed 
loading which t h e  system i s  experiencing a t  t h a t  t i m e .  Hence t h e  most 
complete p i c t u r e  of response de lay  i s  g iven  by a s t a t i s t i c a l  d i s t r i -  
bu t ion  of loop de lay  t i m e s .  However, i n  t h e  absence of a s t a t i s t i c a l  
model, it i s  s t i l l  p o s s i b l e  t o  c a l c u l a t e  t h e  bes t - case  and worst-case 
de l ays ,  a s  fo l lows ,  

A s  wi th  a l l  open and c losed  loops which o r i g i n a t e  o r  te rmina te  
wi th  a console  ope ra to r ,  t h e  s u b j e c t  loop does not  Pie e n t i r e l y  w i t h i n  
t h e  Display/Control  system. I n  p a r t i c u l a r ,  t h e  d i s p l a y  r eques t  loop 
passes  through t h e  RTCC system, where r e q u e s t s  s u f f e r  a de lay  which 
i s  aga in  random. This  de l ay  w i l l  be conse rva t ive ly  approximated by 
2 mi l l i s econds ,  assuming t h a t  t h e  computer i s  unloaded and completely 
a v a i l a b l e  t o  handle  t h e  incoming r eques t .  

Other sources  of de l ay  (assuming t h a t  t h e  reques ted  d i s p l a y  i s  
not  a l r e a d y  being genera ted) ,  a l l  l i e  w i t h i n  t h e  D / C  system and c o n s i s t  
of t he  Computer Input  Mul t ip lexer  ( C I M ) ,  t h e  D/TV Data D i s t r i b u t o r  
(D/TV DD) t h e  Converter S l i d e  F i l e  Data D i s t r i b u t o r  (CSFDD) t h e  
D/TV Converter ,  and t h e  Video Switching Matr ix  (VSM). It i s  assumed 
t h a t  t h e  manual input  device  (MSK o r  DRK) and i t s  a s s o c i a t e d  encoder 
in t roduce  no apprec iab le  de lay ;  l i kewise  f o r  t h e  v ideo  and d a t a  t r a n s -  
mission l i n e s  and t h e  console  t e l e v i s i o n  monitor. The d i s p l a y  d a t a  
flowing through t h e  D/TV DD, CSF DD, and D/TV Converter i s  s p l i t  i n t o  
two p a r a l l e l  p a t h s ,  both of which must be t r a v e r s e d  be fo re  t h e  complete 
d i s p l a y  i s  generated.  Hence t h e  pa th  having t h e  l a r g e s t  de l ay  (CSP DD 
and Converter S l i d e  F i l e ,  a n  element of t h e  D/TV Converter)  f i x e s  t h e  
o v e r a l l  de l ay  through t h i s  p a r t  of the  loop. I f  t h e  Poop i s  t r aced  
backwards, beginning wi th  t h e  VSM, the  va r ious  elements which f i x  t h e  
t o t a l  de lay  a r e :  

VSM - 100 msec. swi tch ing  de lay .  
Converter S l i d e  F i l e  - 3 seconds de lay .  

CSF DD - 11 msec r eques t  t ransmiss ion  t i m e .  
RTCC - 2msec (approximation) 
C I M  - v a r i a b l e ,  depends on loading.  

( In  t h e  case  where a 
s l i d e  f i l e  access  i s  r equ i r ed ) .  

Since t h e  above elements a r e  i n  series around t h e  loop, t h e i r  
de lays  add. The t o t a l  de l ay  i s  thus  3.113 seconds p lus  t h e  C I M  de lay .  
The C I M  de l ay  i s  c a l c u l a t e d  below f o r  t h e  two extreme cases  of C I M  
loading,  i .e . ,  f o r  on ly  one a c t i v e  C I M  i n p u t  scanning pos i t i on .  ( t h e  
d i s p l a y  r eques t  being analyzed) ,  and f o r  a l l  1024 p o s i t i o n s  a c t i v e  
(corresponding t o  maximum u t i l i z a t i o n  of console/module scan  p o s i t i o n s ,  
and assuming t h a t  simultaneous r eques t s  a r e  be ing  made a t  each 
pos i t i on )  
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Minimum -L o ad i ng C a s  e 

I n  t h i s  ca se  only t h e  s i n g l e  s u b j e c t  d i sp l ay  r eques t  i s  wai t ing  t o  be 
scanned and t r ansmi t t ed  by the  CIM.  The t ransmiss ion  of t h i s  one 
36 -b i t  word a t  t h e  2500 b i t / s e c  r a t e  in t roduces  a de lay  of 36/2500 = 14.4 
mil l i s econds  (msec). The minimum scan  delay occurs  i f  t he  C I M  scan  
reaches t h e  a c t i v e  p o s i t i o n  a t  t h e  same t i m e  a s  t he  r eques t ,  i n  which 
case  t h e  scan  de lay  is zero.  The maximum scan  de lay  occurs  i f  t he  
C I M  s c a n  leaves  t h e  a c t i v e  p o s i t i o n  j u s t  p r i o r  t o  t h e  a r r i v a l  of t h e  
r e q u e s t ,  i n  which c a s e  i t  must scan  the  remaining 1023 i n a c t i v e  pos i t i ons  
be fo re  r e t u r n i n g  t o  t h e  a c t i v e  one. Since t h e  scan  r a t e  is 25,000 
pos i t ions /second,  t h e  scan de lay  i s  1O24/25x1O3 = 41 msec. 
uniform (random) d i s t r i b u t i o n  of scan  p o s i t i o n  wi th  r e s p e c t  t o  a c t i v e  
p o s i t i o n  a t  t h e  t i m e  of t he  r eques t ,  t he  mean scan  de lay  is  one-half  
t h e  maximum, o r  20.5 msec. Thus i n  the  minimum-loading case  t h e  
fol lowing C I M  de lays  can  r e s u l t .  

For a 

0 B e s t  Case (no scan  de lay ) :  14.4 msec 
0 Worst Case (Maximum scan  de lay ) :  55.5 msec 
e Average Case (mean scan  de lay ) :  34.9 msec 

Max imum-Lo a d i ng C a s  e 

I n  t h i s  case  a11 1024 scan pos i t i ons  c o n t a i n  a c t i v e  r eques t s ,  i n -  
c luding  the  s u b j e c t  d i sp l ay  reques t .  The o t h e r  r eques t s  a r e  a mixture  
of i npu t s  from va r ious  types of niodules: MSK, DRK, FDK, PCK, ESW, 
SMEK, and ESO. 
wi th  one computer word; the  ESWmay t r ansmi t  1, 2 ,  o r  3 words, whi le  
t h e  SMEK and ESO always t r ansmi t  2 words. 
a r e  one Word, however, and t h e  number of SMEK and ESO modules i s  
smal l  compared t o  t h e  t o t a l  number of modules; hence i t  w i l l  be a s -  
sumed t h a t  a l l  modules t r ansmi t  one word. The a d d i t i o n a l  de lay  i n -  
t roduced by t h e s e  1023 o the r  words i s  e n t i r e l y  t ransmiss ion  de lay ;  
t h e  scan  de lays  (maximum, minimum, and mean) remain t h e  same as  before .  
Hence i n  t h e  maximum-loading case ,  t h e  fol lowing C I M  de lays  can  r e s u l t .  

A l l  of t h e s e  except  t h e  l a s t  t h r e e  t r ansmi t  a r eques t  

Most ESW t ransmiss ions  

9 Best Case (no scan  de lay ,  no e x t r a  t ransmiss ion  de lay ) :  14.4 msec 
ea Worst Case (maximum scan  and t ransmiss ion  de lay ) :  

e Average Case (mean scan  and t ransmiss ion  de lay ) :  
14.4 + 41 + (1023)(14.4) = 14,900 msec = 14.9 sec 

14.4 + 20.5 + (1023/2)(14.4)  = 7,400.5 msec = 7.4 s e c  

Range of Delays 

Based on the  above minimum-loading b e s t  case  and maximum-loading worst  
ca se ,  a s  w e l l  a s  t h e  previously g iven  de lays  i n  o t h e r  p a r t s  of t h e  system, 
t h e  t o t a l  de lay  experienced i n  obta in ing  t h e  d i sp lay  would be a s  fol lows.  

\ 
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Minimum de lay  - 3,113 msec + 14.4 m s e c  = 3,127.4 msec = 3.1 sec. 
W Maximum de lay  - 3,113 msec + 14,900 msec = 18,013 msec = 18.0 sec .  

I f  t h e  corresponding average cases  a re  computed, t h e  t o t a l  de lays  
become 

QD Minimum Average 
3,113 msec + 

e Maximum Average 
3,113 msec + 

Delay - 
34.9 msec = 3,147.9 msec = 3.1. s e c  
Delay - 
7,400 msec = 10,513 msec.t l0:5 sec .  

A s  can be seen ,  t h e  minimum-loading b e s t  and average cases  a r e  
e s s e n t i a l l y  i d e n t i c a l .  
r eques t  i s  3.1 seconds,  t h e  bulk  of which i s  accounted f o r  by t h e  
Converter S l i d e  F i l e .  Such a de lay  i s  w i t h i n  t h e  bounds of a c c e p t a b i l i t y ,  
bu t  t h e  maximum-loading worst  and average cases  of 18.0 and 10.5 
seconds a r e  not .  Exac t ly  where t h e  p re sen t  c o n f i g u r a t i a n  s t ands  between 
these  two extremes can be determined only  by f u r t h e r  a n a l y s i s ,  bu t  
s e v e r a l  observa t ions  may be made, a s  fol lows.  

Thus, a lower bound t o  t h e  de l ay  of a s i n g l e  

B A l l  1024 scan  p o s i t i o n s  were not  i n  use  f o r  GT-8, and 
probably w i l l  no t  be f o r  some t i m e  ( a t  l ea s t  a s  f a r  a s  
console  inpu t s  are concerned). Hence t h e  above maximum- 
loading  de lays  are  unduly pess imis t i c .  Based on t h e  
approximately 100 scan  p o s i t i o n s  i n  use  f o r  GT-8, t h e  maximum 
average de lay  a s  c a l c u l a t e d  above t u r n s  out  t o  be 3,9 seconds. 

da Even i f  a l l  1024 p o s i t i o n s  were i n  use ,  i t  i s  extremely un- 
l i k e l y  t h a t  they  would a l l  be a c t i v e  s imultaneously.  This  
would r e q u i r e  t h a t  t h e  f l i g h t  c a n t r o l l e r s  be  s imultaneously 
us ing  e i g h t  i npu t  modules a t  each console .  Not on ly  i s  the  
average number of modules a t  each console  cons iderably  less 
than  e i g h t ,  b u t  t h e  modules are normally used one a t  a t i m e .  
Th i s  f a c t o r  immediately reduces t h e  maximum delay  t o  4.9 
seconds and t h e  maximum average de lay  ( f o r  PO24 p o s i t i o n s  
i n  use)  t o  4.1 seconds,  a t o l e r a b l e  f i g u r e .  

a Even wi th  one a c t i v e  module pe r  console ,  i t  is  extremely 
u n l i k e l y  t h a t  a l l  consoles  would make simultaneous re- 
q u e s t s ,  t hus  reducing t h e  maximum delays  s t i l l  f u r t h e r .  

I n  summary, it i s  l i k e l y  t h a t  t h e  p re sen t  conf igu ra t ion  i s  
ope ra t ing  c l o s e r  t o  t h e  minimum values  of de l ay  than  t o  t h e  maximum. 
A more d e f i n i t i v e  s ta tement  of t h e  present  and p red ic t ed  f u t u r e  
s i t u a t i o n  i s  b e s t  made i n  s t a t i s t i c a l  terms, e.g. ,  a curve showing 
t h e  p r o b a b i l i t y  (o r  percent  t i m e  du ra t ion )  of any p a r t i c u l a r  de lay ,  
under p re sc r ibed  cond i t ions .  Shor t  of over-designing t h e  D / C  system 
t o  i n s u r e  minimum de lay  under every  conceivable  cond i t ion ,  no ma t t e r  
h-ow s h o r t  t h e  d u r a t i o n  of t h e  condi t ion ,  t he  systems planner  is l e f t  
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with  t h i s  s t a t i s t i c a l  approach as  the  b e s t  means f o r  making the  i n -  
e v i t a b l e  t r adeof f  between acceptab le  performance and c o s t .  

The example above i s  intended both t o  g ive  some i n d i c a t i o n  of 
t h e  present  adequacy of t h e  system f o r  handl ing d i sp lay  r eques t s ,  and 
t o  i n d i c a t e  t h e  gene ra l  approach t h a t  might be taken i n  a more complete 
a n a l y s i s ,  The l a t t e r  would r e q u i r e  the  development of equat ions ex- 
press ing  the  C I M  and RTCC de lays  i n  terms of t h e  number of c o n t r o l l e r s  
making r eques t s ,  t h e  r a t e  of a r r i v a l  of t h e  r e q u e s t s ,  and the  loading 
of t he  RTCC. 
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SECTION I V  

DISPLAY SYSTEM USAGE DATA ANALYSIS 

INTRODUCTION 

Upon completion of t h e  s tudy  of t h e  MCC Display System 
conf igu ra t ion ,  and the  gene ra t ion  of system block diagrams, 
an a n a l y s i s  of Display System usage was i n i t i a t e d .  This 
e f f o r t  s e rves  the  purpose of providing an e x p l o r a t o r y  i n -  
qu i ry  i n t o  approaches t o  usage a n a l y s i s  before  under tak ing  
any f u r t h e r  ex tens ive  e f f o r t  a long  these  l i n e s ,  and a l s o  
he lps  t o  e s t a b l i s h  poss ib l e  measures of e f f e c t i v e n e s s  f o r  
the  Display System. These usage s t u d i e s  do n o t  i nc lude  
o p e r a t i o n a l  ana lyses ,  and t h e r e f o r e ,  any r e s u l t s  s t a t e d  must 
be i n t e r p r e t e d  i n  t h i s  l i g h t .  

This d i s p l a y  usage a n a l y s i s  t a s k  was s t r u c t u r e d  by the  
l i m i t i n g  f a c t o r s  of (1) t i m e  a v a i l a b l e  f o r  t he  a n a l y s i s ,  
and ( 2 3  a v a i l a b i l i t y  of usage d a t a .  Because of t h e s e  l i m i -  
t a t i o n s  an a t tempt  was made t o  s e l e c t  those  s tudy  a r e a s  
which were considered t o  be of most importance i n  t h e  usage 
of t he  d i s p l a y  system, and f o r  which meaningful r e s u l t s  
could be obta ined  w i t h i n  t h e  a v a i l a b l e  t i m e .  

There has  been no coord ina ted  formal usage da ta  a n a l y s i s  
program a t  t he  MCC, and the  s h o r t  du ra t ion  of this s tudy  pre-  
cluded e f f o r t s  t o  develop any ex tens ive  program of t h i s  s o r t .  
The phi losophy adopted f o r  t he  usage a n a l y s i s  was t o  make use  
of r e a d i l y  a v a i l a b l e  da ta  and computer r o u t i n e s ,  even though 
these  were n o t  i d e a l l y  matched t o  the t a s k  i n  some cases .  

The most va luable  p a r t  of t h i s  a n a l y s i s  l ies  i n  i t s  es- 
tab l i shment  of procedures and techniques t h a t  can be used f o r  
poss ib l e  f u t u r e  ana lyses .  This  approach revea led  a r e a s  where 
f u r t h e r  da t a  ga the r ing  would be adv i sab le ,  and a r e a s  of s tudy  
where the  a n a l y s i s  of t h i s  da ta  could l e a d  t o  s i g n i f i c a n t  re- 
s u l t s  and conclus ions .  These r e s u l t s  and conclusions might 
then be p r o f i t a b l y  a p p l i e d  t o ,  and a f f e c t  redes ign  and ac-  
q u i s i t i o n  o f ,  both equipment and o p e r a t i o n a l  procedures .  
Cor re l a t ions  between miss ion  c h a r a c t e r i s t i c s  and d i s p l a y  
system usage would a l s o  h e l p  t o  e s t ima te  and e s t a b l i s h  f u t u r e  
des ign  requirements and o p e r a t i o n a l  demands upon the  d i s p l a y  
sys  t e m .  

1 2  



The usage a n a l y s i s  was l i m i t e d  t o  the  GT-8 mission which 
was s e l e c t e d  because (1 )  i t  was of  s h o r t  d u r a t i o n  and t h e r e f o r e  
manageable us ing  manual t a b u l a t i o n s  , ( 2 )  contained a crisis 
pe r iod ,  and (3 )  was a complex mission involv ing  two launkhes. 
The GT-8 mission was the  l a t e s t  mission f o r  which da ta  was 
a v a i l a b l e  and was the  mission f o r  which personnel  have accumu- 
l a t e d  t h e  most exper ience  wi th  the MCC and i t s  equipment. It 
was be l i eved  t h a t  t h i s  would he lp  minimize t h e  e f f e c t  of opera-  
t o r  l ea rn ing  on t h e  usage d a t a .  

i 

The main a r e a s  w i t h i n  the  d i s p l a y  system s e l e c t e d  f o r  
usage a n a l y s i s  were: 

1. The console  subsystem ( d i s p l a y  r eques t  modules) 

2. Computer d i s p l a y  c o n t r o l  i n t e r f a c e  subsystem 
(Digital/TV conver t e r  channel ope ra t ion  and 
computer i n p u t  mul t ip l exe r )  

3.  Display format usage a n a l y s i s  

The t iming subsystem, group d i s p l a y  subsystem, t h e  equip-  
ment p o r t i o n  of t h e  t e l e v i s i o n  subsystem, and the  hard  copy 
f a c i l i t y  were excluded from t h i s  usage a n a l y s i s .  It was f e l t  
t h a t  t h e i r  r e l a t i v e  importance and e f f e c t s  on f u t u r e  d i s p l a y  
system requirements and redes ign  would n o t  be a s  g r e a t  a s  f o r  
t he  o t h e r  d i s p l a y  a r e a s  s e l e c t e d  f o r  a n a l y s i s .  

The fol lowing s p e c i f i c  usage ana lyses  were made: 

(1) Digital-to-TV Channel S a t u r a t i o n  - This  involved 
a n a l y z i n r t h e  h i s t o r y  of occu~rencas  of the  r ed  and 
amber l i g h t s  (which i n d i c a t e  approaching channel 
s a t u r a t i o n )  during the  e n t i r e  GT-8 mission.  This 
s tudy  shows t h e  e x t e n t  t o  which t h e  D/TV channels 
opera ted  a t  n e a r - s a t u r a t i o n ,  due t o  demand f o r  
d i s p l a y  format r eques t s ,  and r e l a t e s  mission t i m e s  
t o  t hese  per iods  of nea r - sa tu ra t ion .  

( 2 )  - L i f e  Systems Consoles - This involved s e l e c t i n g  a 
smal l  f u n c t i o n a l  group of  consoles  and s tudying ,  
f o r  t h i s  group, the usage of console  modules and 
of dynamic d i s p l a y  formats .  This  s tudy ,  i n  a d d i t i o n  
t o  r evea l ing  the  l i f e  systems group a c t i o n s ,  s e rves  
a s  a model f o r  a n a l y s i s  of  a l l  consoles  and f u n c t i o n a l  
groups . 
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(3 )  Display Format Usage Analysis  - This  s tudy  provides 
r e l a t i v e  usage s t a t i s t i c s  f o r  a l l  d i s p l a y  formats 
provided f o r  t h e  GT-8 mission.  The a n a l y s i s  con- 
s i d e r s  t h e  t o t a l  number of MSK reques ts  (by a l l  
consoles)  f o r  each of t he  dynamic d i s p l a y s ,  a s  w e l l  
a s  t he  number of d i f f e r e n t  d i s p l a y s  requested during 
each of f i f t y  20-minute i n t e r v a l s  covering the mission,  
Comparisons of d i s p l a y  usage a r e  made among t h e  var ious  
f u n c t i o n a l  groups of d i s p l a y s ,  and t h e  e f f e c t s  of in -  
v a l i d  r eques t s  and " c l e a r  monitor" r eques t s  a r e  con- 
s i d e  red.  

( 4 )  Tota l  Console Module A c t i v i t y  - This  s t u d y  r evea l s  
some of t h e  c h a r a c t e r i s t i c s  of t h e  usage of a l l  con- 
s o l e  inpu t  modules dur ing  t h e  e n t i r e  GT-8 mission.  
The v a r i a t i o n  of keyboard a c t i v i t y  wi th  t i m e  i s  
ca tegor ized  by type and analyzed.  

(5) Comparison of Manual S e l e c t i o n  Keyboard - and Display Request 
Keyboard - This  s tudy  shows the  r e l a t i v e  usages of 
t he  MSK and DRK f o r  s e v e r a l  consoles  conta in ing  
both  modules It i n d i c a t e s  o p e r a t o r  p re fe rence ,  
and i n  conjunct ion  wi th  t h e  t o t a l  console module 
a c t i v i t y  a n a l y s i s  r evea l s  t h e  poss ib l e  consequences 
and e f f e c t s  on t h e  d i s p l a y  system of  adding more modules 
of each type.  

( 6 )  Computer Input  Mul t ip lexer  Loading - This  s tudy  pro- 
v ides  rough i n d i c a t o r s  of  t h e  loading and poss ib l e  
t i m e  de lays  f o r  the CPM, and c a s t s  some l i g h t  on 
t h e  contemplated use  of t h e  C I M  i n  the  CCATS con- 
f i g u r a t i o n  e 

( 7 )  Digital-to-TV Channel Outage S t a t i s t i c s  - This ' 
s tudy  was designed t o  r e v e a l  t h e  D/TV channel re- 
l i a b i l i t y  c h a r a c t e r i s t i c s  and t h e i r  e f f e c t s  upon 
t h e  s t a t i s t i c a l  da t a  of o t h e r  ana lyses .  Channel 
outages and t h e i r  dura t ions  were recorded and sum- 
marized. 

The major sources  of da t a  f o r  a l l  usage ana lyses  
were t h e  mission log  tapes  and the  knowledge of the  
d i s p l a y  system developed from Tasks A I  and A2 of 
t h i s  four-month s tudy.  The computer program f o r  
delogging t h e  mission tapes  was the  Ph i l co  Data 
R e t r i e v a l  and I n t e r p r e t a t i o n  Program (DRIP). This  



delog program (apparently developed for other reasons 
for  NASA, and the only useful program found to be readily 
available) produced computer printouts from which data 
were manually reduced and tabulated into the desired 
forms. The following paragraphs present the purpose, 
procedures, resul ts ,  and conclusions. of the usage studies,  
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DIGITAL/TV CONVERTER CHANNEL SATUPATION AT?ALYSIS (RED-AMBER CONDITIONS) 

Purpose 

A major a r e a  of concern w i t h i n  t h e  Display System is  whether 
t h e  p re sen t  number of D/TV conve r t e r  channels i s  s u f f i c i e n t  t o .  
support  f u t u r e  missions.  This  usage a n a l y s i s  r e v e a l s ,  f o r  GT-8, t h e  
t i m e  h i s t o r y  and s t a t i s t i c s  of t h e  red  and amber warning l i g h t s  which 
a r e  i n d i c a t i o n s  of s a t u r a t i o n ,  o r  n e a r - s a t u r a t i o n  condi t ions  i n  t h e s e  
channels .  The amber l i g h t  i n d i c a t e s  24 o r  25 conver t e r  channels ,  and 
t h e  r ed  l i g h t  i n d i c a t e s  26 t o  28 conve r t e r  channels ,  ou t  of a t o t a l  
of 28 channels ,  a r e  i n  use  and hence not  a v a i l a b l e  f o r  new d i s p l a y  
r eques t s .  The purpose h e r e  was t o  analyze t h e  occurrences and 
du ra t ions  of t h r e e  condi t ions :  red  cond i t ion  (0 t o  2 channels a v a i l a b l e ) ,  
amber cond i t ion  (3 t o  4 channels a v a i l a b l e ) ,  and red-or-amber con- 
d i t i o n  (0 t o  4 channels a v a i l a b l e ) .  

Procedure 

The da ta  i n d i c a t i n g  r ed  and amber cond i t ions  f o r  GT-8 was obtained 
from t h e  mission l o g  t apes  by us ing  t h e  Ph i l co  Data R e t r i e v a l  and 
I n t e r p r e t a t i o n  Program (DRIP) t o  delog t h e  mission t apes .  The p r i n t -  
ou t  produced by DRIP contained t h e  GMT t i m e s  t h a t  t h e  r ed  and amber 
l i g h t s  changed from ON t o  OFF and vice ve r sa .  This  d a t a  was c o l l a t e d  
manually and arranged t o  p re sen t  t h e  t o t a l  seconds t h e  ~ l i g l i t s - w e r e ' o n ,  
t h e  du ra t ions  of t h e  ON s t a t e  f o r  each occurrence,  and t h e  number of 
ON occurrences dur ing  50 twenty-minute t i m e  i n t e r v a l s  s t a r t i n g  a t  
0 0 / 1 2 / 2 0 ' 0 0  GMT. 
post-mission t i m e  f o r  GT-8, which was about 900 minutes long. Twenty- 
minute i n t e r v a l s  were s e l e c t e d  as being s h o r t  enough f o r  u s e f u l  
r e s u l t s  and y e t  a l lowing t h e  a n a l y s i s  t o  be done i n  t h e  t i m e  a v a i l a b l e .  
One could i n v e s t i g a t e  channel  usage during s h o r t e r  t i m e  i n t e r v a l s  f o r  
s p e c i f i e d  mission phases ,  a t  t h e  expense of e x t r a  d a t a  r educ t ion  t i m e .  

This  1000-minute d u r a t i o n  spans pre-mission t o  

Resu l t s  

The d a t a  was used t o  genera te  curves which g r a p h i c a l l y  
i l l u s t r a t e  D/TV conve r t e r  channel usage c h a r a c t e r i s t i c s .  
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Figure  1 i n d i c a t e s  t h e  t o t a l  seconds t h a t  e i t h e r  red o r  amber 
l i g h t s  (sum of times) were ON dur ing  each 20 minute i n t e r v a l .  
It is  i n t e r e s t i n g  t o  note  t h a t  t he  red  and amber l i g h t s  were 
ON dur ing  an  e n t i r e  twenty-minute i n t e r v a l  on ly  once ( i n t e r v a l  
22). Also of i n t e r e s t  is the  f a c t  t h a t  dur ing  both Agena 
launch and Gemini launch.  t i m e  phases ,  amber and red con$i- 
t i o n s  were n o t  a s  g r e a t  a s  they were dur ing  t h e  o r b i t  per iod  
(which begins  a t  about  i n t e r v a l 1 5  and ends a t  about  i n t e r v a l  
3 5 ) .  This may have been due t o  an  o p e r a t i o n a l  procedure which 
r e q u i r e s  personnel  to have t h e i r  d i s p l a y  r eques t s  i n i t i a t e d  and 
unchanged from t h r e e  minutes p r i o r  t o  launch u n t i l  o r b i t  phase 
i s  achbeved. The absence of any r ed  o r  amber condi t ions  during 
i n t e r v a l s  30 and 31 i s  i n d i c a t i v e  of a qu ie scen t  per iod.  This  
i s  poss ib ly  due t o  an  o p e r a t i o n a l  procedure causing c l e a r i n g  of 
t he  channels ,  o r  t h e  ending of the  f i r s t  s h i f t  of c o n t r o l l e r s .  
The rise i n  red  and amber condi t ions  a f t e r  those  i n t e r v a l s  might 
be t h e  beginning of  the second s h i f t .  There was no - i n d i c a t i o n  
t h a t  th is  rise was due t o  the c r i s i s  which l e d  t o  an a b o r t  ( t h i s  
d id  n o t  occur u n t i l  i n t e r v a l  3 4 ) .  The red-or-amber cond i t ion  
f a l l s  o f f  r a p i d l y  a f t e r  the c r i s i s  was d e t e c t e d ,  probably i n -  
d i c a t i n g  t h a t  updated d i sp lay  da ta  was n o t  a v a i l a b l e ,  and t h a t  
t h e r e  was no need f o r  many c o n t r o l l e r s  t o  c a l l  up d i s p l a y  f o r -  
mats during r e -en t ry .  

Another curve (Figure 2 )  i n d i c a t e s  the percentage f o r  
each t i m e  i n t e r v a l  of the f i f t y  20-minute t i m e  i n t e r v a l s  
(100 percent  i s  equ iva len t  t o  1200 seconds) ,  t h a t  t he  red 
l i g h t  was on,  t he  amber l i g h t  was o n ,  and e i t h e r  the red o r  
t he  amber l i g h t  was on. 
d i t i o n  occurred during i n t e r v a l  23  about  50 percent  of the t i m e .  
The sudden drop a t  i n t e r v a l  24 might have been due t o  an  opera- 
t i o n a l  procedure o r  a reques t  t o  a l l  c o n t r o l l e r s  t o  c l e a r  chan- 
n e l s  and use them only  i f  necessary .  The average du ra t ion  of 
the r ed  condi t ion  was cons iderably  lower f o r  t h e  remainder of 
the  mission (approximately 24 pe rcen t  f o r  i n t e r v a l s  1 3  t o  30). 

This  graph i n d i c a t e s  t h a t  red  dN con- 

The amber l i g h t  i s  on f o r  s l i g h t l y  more than 40 percent  
of t he  t i m e  between i n t e r v a l s  15 and 2 8 ,  and reached a maxi- 
mum l e v e l  of 57 pe rcen t  a t  i n t e r v a l  21. 

F igure  3 i s  a his togram of r ed ,  and of  red-or-amber dura-  
t i o n s  which shows t h e  number of occurrences of these  condi t ions  
f o r  s p e c i f i e d  time dura t ions  of each occurrence ,  A s  an  example, 
t he  number of r ed  condi t ions  which l a s t e d  from 1 to  10 seconds 
was about  5 0 ,  and t h e  number of amber condi t ions  l a s t i n g  from 

1 7  



1 t o  10 seconds was about  85. There were no red condi t ions  
which had a t i m e  d u r a t i o n  of 60 t o  70 seconds,  and the re  were 
about  19 occurrences of amber which l a s t e d  f o r  60 t o  70 seconds.  
The his togram i n d i c a t e s  t h a t ,  f o r  most of the  miss ion ,  t h e  dura- 
t i o n s  of red-or-amber condi t ion  were less than 40 seconds ( 6 8 . 3  
percent  of a l l  occu r rences ) ,  and very few dura t ions  were g r e a t e r  
than 120 seconds ( 4 . 4  percen t ) .  This F igure  a l s o  i n d i c a t e s  the  
cumulative d i s t r i b u t i o n  of red-or-amber condi t ion  , showing per-  
cen t  of occurrences (based on a t o t a l  of 440 occurrences)  a s  
wel l  a s  number of occurrences.  

Table 1 conta ins  a t a b u l a t i o n  of t h e  number of occurrences 
of t h e  red  and amber l i g h t s  by 20-minute t i m e  per iods .  The ex- 
i s t e n c e  of i n t e r v a l s  having h igh  percentages of red  o r  amber t i m e  
i s  a s s o c i a t e d  wi th  the  occurrence of comparat ively long dura- 
t i o n s  ( g r e a t e r  than one minute)  r a t h e r  than  wi th  the  number of 
t i m e s  t he  l i g h t s  went on dur ing  t h a t  i n t e r v a l  ( a s  i n d i c a t e d  during 
i n t e r v a l  22).  It should be noted  t h a t  r ed  condi t ion  does n o t  
n e c e s s a r i l y  mean all D/TV conver te r  channels a r e  i n  use .  

Conclusions 

Although no s i n g l e  value o r  number can be s t a t e d  a s  t o  the 
amount of D/TV conve r t e r  channel s a t u r a t i o n  exper ienced ,  it ap- 
pears  from t h e  da ta  t h a t  f o r  most of t he  GT-8 miss ion ,  t he  
capac i ty  of t h i s  p a r t  of t he  d i s p l a y  system was adequate ( a s -  
suming a l i m i t e d  amount of r ed  cond i t ion  is  cons idered  a c c e p t a b l e ) .  

It would be of f u r t h e r  i n t e r e s t  t o  observe the  s t a t u s  of 
red  and amber condi t ions  during a mission wi th  a longer  o r b i t a l  
per iod  conta in ing  o t h e r  events  such  a s  space walks and s e v e r a l  
f l i g h t  c o n t r o l l e r  s h i f t  changes. These condi t ions  would be more 
i n d i c a t i v e  of what t o  expec t  f o r  f u t u r e  missions and would he lp  
e s t a b l i s h  any c o r r e l a t i o n s  between d i s p l a y  usage f o r  a mission 
and conve r t e r  channel s a t u r a t i o n .  

Before s ta tements  a r e  made a s  t o  t h e  adequacy of 28 D/TV 
conver te r  channels f o r  a p a r t i c u l a r  miss ion ,  it would be ad-  
v i s a b l e  t o  perform t h i s  a n a l y s i s  (and o t h e r  ana lyses  d iscussed  
i n  subsequent s e c t i o n s )  f o r  missions o t h e r  than GT-8. 
t r ends  could be de t ec t ed  and c o r r e l a t i o n s  made between channel 
s a t u r a t i o n  and t h e  f a c t o r s  of mission complexity,  miss ion  dura- 
t i o n ,  and number of d i s p l a y  formats a v a i l a b l e .  NASA could then 
make a b e t t e r  judgment a s  t o  whether t h e  p re sen t  number of D/TV 
conver te r  channels i n  t h e  d i s p l a y  system i s  adequate  f o r  f u t u r e  

Thus 
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Table 1.. 
Occurrences of L igh t s  by Time Interval  
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missions o r  needs expansion, and i f  the  l a t t e r ,  by what amount. 
However, based on j u s t  t he  GT-8 d a t a ,  no c l e a r  case can be made 
f o r  more channels .  

This type of a n a l y s i s  could be f a i r l y  e a s i l y  performed f o r  
a l l  missions by developing computer programs (perhaps by re- 
v i s i n g  o r  modifying DRIP) t h a t  de log ,  format ,  and analyze t h e  
da t a  from the  log  tapes  i n  one opera t ion .  
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LIFE SYSTEMS CONSOLES DISPLAY F O W T  USAGE ANALYSIS 

Purpose 

The purpose o f  t h i s  s tudy  w a s  t o  i n v e s t i g a t e ,  via a n a l y s i s  
o f  d i s p l a y  format r e q u e s t  d a t a ,  t h e  n a t u r e  of t h e  ac t iv i t i e s  of 
a f u n c t i o n a l  group of consoles ,  It included t h e  de te rmina t ion  
o f  which f u n c t i o n a l  groups of d i s p l a y s  were u t i l i z e d  by t h e  
chosen f u n c t i o n a l  group of consoles .  The L i f e  Systems Console 
group w a s  s e l e c t e d  f o r  t h i s  sample a n a l y s i s  mainly because of 
t h e  t r a c t a b l e  s i z e  o f  t h e  d a t a  sample. The L i f e  Systems group 
c o n s i s t s  of t h r e e  consoles  ( L i f e  Systems O f f i c e r  i n  t h e  MOCK, 
and t h e  two L i f e  Systems consoles  i n  a s t a f f  suppor t  room), a l l  
of which were c h a r a c t e r i z e d  by a r e l a t i v e l y  low l e v e l  of d i s p l a y  
reques t  a c t i v i t y  f o r  t h e  GT-8 mission, 

- 

The maintenance and opera t ions  group of consoles  had o r i -  
g i n a l l y  been s e l e c t e d  f o r  a n a l y s i s  Howeverg i t  w a s  discovered,  
before  r e q u e s t i n g  de log  d a t a ,  t h a t  t hese  consoles  were h ighly  
ac t ive  i n  a n  o f f - l i n e  monitoring and checking f u n c t i o n .  The 
maintenance and opera t ions  consoles  are c h a r a c t e r i z e d  by t h e  
continuous s e q u e n t i a l  and rap id  s e l e c t i o n  of d i s p l a y s ,  appar-  
e n t l y  i n  o r d e r  t o  f u l f i l l  t h e i r  func t ion  of monitoring t h e  con- 
d i t i o n  of d i s p l a y s  and equipment i n  t h e  system, This  type of 
a c t i v i t y  would n o t  proper ly  serve t h e  purpose o f  t h i s  s t u d y 9  
which included t h e  comparison of d i s p l a y - r e t r i e v a l  a c t i v i t i e s  
among several consoles  engaged i n  d i r e c t  mission suppor t  a c t i v i t y .  

By s tudying  and ana lyz ing  a l l  f u n c t i o n a l  groups of con- 
s o l e s ,  one should o b t a i n  a composite p i c t u r e  of t h e  d i s p l a y  
a c t i v i t y  i n  t h e  MCC. This  could reveal r e l a t i o n s h i p s  between 
and w i t h i n  f u n c t i o n a l  groups as t o  t h e i r  common needs f o r  cer- 
t a i n  d i s p l a y  d a t a  as w e l l  as v a r i a t i o n s  i n  t h e i r  uses  of equip-  
ment. Such a complete s tudy  could r e v e a l  d i s p l a y  format pre-  
fe rences ,  needs f o r  c l o s e r  coord ina t ion  between f u n c t i o n a l  
groupss and p o s s i b l e  enhancement of both d i s p l a y  des ign  and 
o p e r a t i o n a l  procedures 

Procedure 

I n d i v i d u a l  computer p r i n t o u t s  f o r  each of t h e  t h r e e  L i f e  
Systems consoles  were obtained from DRIP. This  d a t a  was manu- 
a l l y  reduced t o  show console  module a c t i o n s ,  t i m e  h i s t o r i e s  of 
d i s p l a y  r e q u e s t s ,  and "up" t i m e  of d i s p l a y s ,  These d a t a  were 
d iv ided  i n t o  118 channel reques ts  and d i s p l a y  format r e q u e s t s ,  
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The d i s p l a y - r e t r i e v a l  a c t i o n s  f o r  MSK modules were d iv ided  
i n t o  d i sp lay  format reques ts  and TV channel r eques t s ,  and these  
were analyzed s e p a r a t e l y .  Table 2 i n d i c a t e s  t he  TV channel number 
reques ted ,  t he  d i s p l a y  name, t he  number of t i m e s  t he  d i s p l a y  was 
c a l l e d ,  t he  du ra t ion  of t h e  d i s p l a y  on t h e  TV monitor a t  each 
ca l l -up ,  and the  t o t a l  time the d i s p l a y  remained on the  console 
TV monitor dur ing  the  t i m e  i n t e r v a l  between 00/12/12'00 t o  
0 1 / 0 4 / 0 0 ' 0 0 .  It should be noted t h a t  t he  du ra t ion  of the  d i s -  
play on the  t e l e v i s i o n  monitors ,  a s  shown i n  t h e  t o t a l  up-time 
column, does n o t  n e c e s s a r i l y  correspond t o  the  a c t u a l  t i m e  t h e  
ope ra to r  viewed o r  used the  d i sp lay .  The t o t a l  up times do 
r ep resen t  maximum poss ib l e  viewing t i m e  of t he  d i s p l a y  by an  
ope ra to r  o r  o p e r a t o r s .  Those channels t h a t  were c a l l e d  up 
th ree  o r  less t imes,  and wi th  no s i n g l e  du ra t ion  of up-time 
g r e a t e r  than 10  seconds,  a r e  grouped a t  t he  end of each l i s t  
f o r  each console .  These a c t i o n s  a r e  probably due t o  mistakes 
i n  d i a l i n g  t h e  proper  MSK number o r  t o  searching  on the  p a r t  
of t he  ope ra to r ,  and they have n e g l i g i b l e  e f f e c t  on the  s t a t i s -  
t i c s  of t he  a n a l y s i s  da t a .  

Table 2 i n d i c a t e s  t h a t  t he  L i f e  Systems O f f i c e r  devoted 
most of h i s  TV channel viewing time to :  

(1) t h e  t h r e e  remote t e l e v i s i o n  cameras ( f o r  267 minutes) 

(2)  the  two l i f e  systems opaque t e l e v i s o r s  ( f o r  over  205 
minutes ) 

( 3 )  f o u r  d ig i ta l /TV conver te r  channels wifh undetermined 
d i s p l a y  formats ( f o r  566 minutes)  
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TABLE 2 

TV CWNNEL REQUEST ANALYSIS (Life Systems Consoles) 

Display 

DITV * 
(Unknown 

Display 
Format) 
R e m D t e  1 TV 

Remote 2 TV 
Remote 3 TV 

L.S.  Opaque 
TV # 1 

L.S. Opaque 
Tv B 2 
Recov . 
Opaque TV 
Recov. Grp. 
Displ. Rear 
Me teo r . 
Opaque TV 
Time Sum. 
Conv . 
Rscov. Grp. 
Disp. Front 
RSF 10 
Spare 

No. of 
Ca 11s 

1 
8 

3 
2 
8 

6 
10 

- 

6 

3 

4 

2 

1 

1 

3 
1 
2 

Life Sys 

To t a  1 
Up Time 

93:13 
382 : 14 

21:49 
68 : 16 
113 : 10 

11: 03 
142 : 38 

186: 50+ 

18: 44 

0 :  37 

0: 15 

Unde t . 

!ms Of f i ce r  

Durations of Cal ls  (Min: Sec,) 

(93 : 13) 
(93:lO) (31:54) (0:32) (32:31) (18:37) (0:21) 
(58:52) (144:17) 
(0: 18) (21: 16) (0: 15) 
(57: 36) (10:40) 
(105:29)- (0:06) (0:17) (7:06) ( 0 : 0 4 )  (0:02) 
(0: 03) (0: 03) 
(0:07) (5:34) (5:01) (0:14) ( 0 : 0 4 )  (0:03) 
(1:ll) (14:21) (11:53) (0:08) (0:38) (8:27) 
(20:53) (35:42) (49:23) (0:02) 

(51:18) (49:48) (25:43) (49:16) (10:45) ( l a s t  
en t ry )  

(0:03) (0:18) (18:23) 

(0:03) (0:04) (0:15) (0:15) 

(0: 11) (0: 04) 

Last Entry 

(0: 04) 

(0: 04) (0: 03) (0:06) 
(0: 02) 
(0: 01) (0: 02) 
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TABLE 2 

TV CHANNEL REQUEST ANALYSIS (Life Systems Consoles Cont'd) 

TV Chan. 

47 

48 
51 

49 

52 

57 

68 

64 

65 

50 

58 

5 4** 

46** 
5 3Jrk 
55** 
55** 
59 ** 
GI** 
62 Jrk 

63** 
66 
67** 

? 

Display 

Remote 1 TV 

Remote 2 TV 
Remote 3 Tv 

Recov. 
Opaque TV 

Recov. Grp. 
Displ. Rear 
rime Sum. 
Conv . 
Meteor. 
Opaque TV 
Veh. Sys 1 
Opaque TV 
Veh. Sys 2 
Opaque TV 
Recov. Grp. 
Displ. Front 
L.S. Opaque 
Tv f 1 
L.S. Opaque 
TV # 2 
RSF 10 

No. of 
Cal l s  

12 

- 
4 
8 

5 

6 

4 

2 

3 

3 

3 

3 

1 
1 
2 
1 
1 
1 
1 
1 
2 
2 
1 

f e  Systei 

Total  
UP Time 

09 : 50+ 

0: 16 
52: 40 

66: 03+ 

86: 00 

99 : 43 

42: 57 

5:56 

0: 36 

1: 38 

Console No. 1 

Duration of Cal ls  (Min: Sec.) 

:O: 05) (9 :38) (10: 45) ( 4 :  16) (4:48) (0: 02) 
:0:03) (0:04) (0:03) (45:36) (34:30) ( l a s t  
mtry) 
:0:03) -(0:09) (0:02) (0:02) 
'20:53) (16.57) (0:17) (13:18) (8:28) (92:42) 
:O: 0 4 ) -  ( 6 :  01) . 

:0:05) (0:41) (77:43) (62:54) (24:40) ( l a s t  
mtry)  

:0:17) (24:55) (36:07) (35:15) (0:02) (89:23) 

:4:19) (0:09) (295:15) (0:Ol) 

:5:08) (37:39) 

(5:53) (0:02) (0:Ol) 

(0: 11) ( 0 : 0 4 )  (0: 01) 

(0: 03) (0: 09) (0: 24) 

(0:17) (1:20) (0:Ol) 

( 0 :  01) 

(0:02) 
(0: 01) 
(0:02) 
(0: 04) 
(0: 02) 
(0:05) (0:Ol) 
(0:16) (0:Ol) 
(0: 02) 

(0: 06) 
(0: 03) (0: 01) 



Display 

>/Tv* 
(Unknown 
l isplay 
Eonnat) 

&mote 1 TV 

Remote 2 TV 
Remate 3 TV 

Recov. Opaquc 

Beh. Sys 1 
Opaque 
Beh. Sys 2 
3paque 
geeteor. 
3paque TV 

rv 

L 

No. of 
Cal ls  - 

1 
2 

lr < 0:06 
5 

1 
1 
7 

6 
9 

4 

2 

2 

4 
1 
1 
1 
1 
1 
1 
1 
1 
1 

TABLE 2 

! Syster 

lotal  
ip Time 

i/+: 46 

$9 : 16 

3: 22 
0: 14 

to: 03+ 

3:35 
77: 25 

51: 00+ 

2:54 

0: 32 

11: 43 

?onsole No. 2 

Durations of Calls (Min: Sec.) 

(0:02) 
(0:Ol) (34:45) 

(7:21) -(57:33) (5:OO) ( 1 9 ~ 0 3 )  (0:19) 

(3: 22)  
(0: 14) 
(0:07) ( 0 : 0 4 )  (1:33) (11:33) (26.27) (0:02) 
(0:17) ( l a s t  en t ry)  
( 0 : O l )  (0:08) (0:02) (0:07) (0:Ol) (3:16) 
(11:06) (55:05) (0:17) (6:20) ( 9 ~ 4 4 )  (94:39) 
(0: 02) (0: 04) (0: 04) 

(0:02) (0:04) (1:42) (59:12) ( l a s t  entry)  

(2: 52) (0: 02) 

(0: 30) (0: 02) 

(0: 05) (0: 11) (11:23) (0: 04) 

2k The display fonnats on the D/TV channels a r e  unknown since there  is no readi ly  
ava i lab le  record of what format i s  on what D/TV channel as a function of t i m e .  

** These channels were ca l led  up three o r  less t i m e s  with no s ing le  call-up dura- 
t i o n  grea te r  than 10 seconds. 
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From Table 3, Display Format Analysis ,  t h e  L i f e  Systems 
O f f i c e r  requested o n l y  two d i s p l a y  formats .  One was the  TV 
Guide and t h e  o t h e r  d i s p l a y  format ,  b r i e f l y  viewed, was an 
RTCC d i s p l a y .  The L i f e  Systems O f f i c e r  never  reques ted  a 
L i f e  Systems d i s p l a y  format a l though he may have viewed some 
o f  t h e s e  formats on t h e  D/TV channels.  
of t h e  D/TV conver te r  channels contained a d i s p l a y  ( o r  d i s p l a y s )  
of g r e a t  i n t e r e s t  t o  t h i s  c o n t r o l l e r .  

Apparently channel 12 

The L i f e  Systems Console No. 1 o p e r a t o r  s e l e c t e d ,  v i a  
channel r e q u e s t s ,  t h e  remote t e l e v i s i o n  cameras 1 and 3, re- 
covery opaque t e l e v i s o r ,  recovery room r e a r  group d i s p l a y ,  
t i m e  summary conver te r  d i s p l a y ,  and the  meteorology opaque 
t e l e v i s o r  f o r  most of the  t i m e .  It should be r e i t e r a t e d  t h a t  
t h e  t o t a l  up-time of each d i s p l a y  does n o t  n e c e s s a r i l y  repre-  
s e n t  t h e  a c t u a l  t i m e  the  o p e r a t o r  viewed the  d isp lay .  From the  
d i s p l a y  format a n a l y s i s  (Table 3 )  t h i s  o p e r a t o r  a l s o  h e l d  d i s -  
p l a y  format N o .  0803 (Gemini Physio Meters) on h i s  monitor f o r  
about  223 minutes ,  format N o ,  0801 (Physio Sum H i s t )  f o r  about  
10 minutes ,  and b r i e f l y  looked a t  format No. 0802. These th ree  
d i s p l a y  formats were t h e  o n l y  l i f e  systems d i s p l a y  formats re- 
quested by any of t he  Li fe  Systems group. 

The L i f e  Systems Console N o .  2 o p e r a t o r  had e i t h e r  the  
remote t e l e v i s i o n  cameras 1 and 3, recovery opaque t e l e v i s o r ,  
o r  D/TV conver te r  channel 12  ( t h e  same conver te r  channel pre-  
f e r r e d  by t h e  L i f e  Systems O f f i c e r )  a v a i l a b l e  f o r  viewing most 
of t he  miss ion ,  From Table 3 one can observe t h a t  the  Console 
No. 2 o p e r a t o r  requested many d i s p l a y  formats v i a  the  MSK d i s -  
p lay  reques t  mode, p r e f e r r i n g  the  fol lowing d i s p l a y  formats:  

1) 0628 EECOM Display (ECS-COOL TAB) - 313 min. 

2 )  0629 EECOM Display (ECS-COOL HIST) - 7 1  min. 

3)  0721 EECOM Display (FC-ELS SUPPLY TAB) - 350 min. 

4 )  0726 EECOM Display (ECS+FC T/PS)-- 360 min. 

A l i f e  systems d i s p l a y  format was never  c a l l e d  up by t h e  
L i f e  Systems Console No 2 o p e r a t o r .  

F igure  4 summarizes the  t o t a l  f fupff  t i m e  and number of 
times each d i s p l a y  format was c a l l e d  up through the  MSK d i s -  
p l a y  format reques t  mode. It i n d i c a t e s  t h a t  of a l l  dynamic 
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d i s p l a y  formats  reques ted ,  on ly  a few (formats 0726, 0721, 0905, 
0628, 0803, 0629, and 0729) were "up" f o r  more than  20 minutes 
during t h e  e n t i r e  mission.  A s  one might expec t ,  t h e r e  i s  a 
d e f i n i t e  c o r r e l a t i o n  between t h e  sum of "up" t i m e s  and the  
number of t i m e s  a d i s p l a y  format was c a l l e d .  Of the  e i g h t  
a v a i l a b l e  l i f e  systems dynamic d i s p l a y s ,  t h r e e  were reques ted  
(08013 0802, and 0803) by L i f e  Systems Console No. 1 and none 
were ' reques ted  by t h e  o t h e r  two consoles  i n  t h i s  f u n c t i o n a l  group, 

Conclusions 

A more complete a n a l y s i s ,  cons ider ing  the  purpose and con- 
t e n t  of each format and inc luding  d iscuss ions  w i t h  t h e  L i f e  
Systems personnel ,  would have to be made before  reaching any 
f i r m  conclusions about  t he  importance,  u s e ,  and n e c e s s i t y  of 
the  va r ious  L i f e  Systems d i s p l a y  formats .  There could be 
s e v e r a l  reasons f o r  l a c k  of use  of a dynamic d i s p l a y  during 
the  miss ion ,  such a s :  

(I) t h e  unscheduled te rmina t ion  of GT-8 prec luding  
the  performance of experiements 

(2)  poor d i s p l a y  format 

( 3 )  purpose of  a d i spzay  (which could have been 
connected wi th  s p e c i a l  events  t h a t  d i d  n o t  
occur )  

( 4 )  low p r o b a b i l i t y  of need f o r  t h e  da t a  on the  
d i s p l a y  

The amount of u se  of a d i s p l a y  is  n o t  t he  only  c r i t e r i a  
f o r  recommending i n c l u s i o n  o r  omission of t h a t  d i sp l ay .  How- 
eve r ,  t h i s  s tudy  i n d i c a t e s  which d i sp lays  should be i n v e s t i g a t e d  
i n  more d e t a i l  i n  o r d e r  to determine i f  they  a r e  candidates  f o r  
removal, should  it become necessary  t o  reduce the  number of d i s -  
p l ay  formats .  This  may happen, s i n c e  a s  t he  number of dynamic 
d i sp lays  inc rease  , bo th  computer and d i s p l a y  systems become taxed. 
This  may be considered less p r e f e r a b l e ,  of course ,  t han  t h e  a l -  
t e r n a t i v e  of procuring a d d i t i o n a l  d i s p l a y  and computer sys  t e m  
capac i ty .  
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DISPLAY FORMAT ANALYSIS 

Pu rpo s e 

One o b j e c t i v e  of t h i s  a n a l y s i s  was t o  determine which 
dynamic d i s p l a y  formats were c a l l e d ,  when, and how o f t e n .  
S ince  t h i s  i s  a p re l imina ry  a n a l y s i s ,  ano the r  o b j e c t i v e  is 
t o  develop procedures t o  se rve  a s  examples of how such da ta  
i s  acqui red  and analyzed.  This e f f o r t  a lso revea l s  t he  k inds  
of r e s u l t s  and poss ib l e  conclusions t h a t  may be achieved i n  a 
more comp rehens ive  ana l y s  i s  . 
Procedure 

The a n a l y s i s  was accomplished i n  s e v e r a l  s t e p s :  

A DRIP delog p r i n t o u t  showing console  input  a c t i o n s  
during 50 contiguous and equa l  t i m e  i n t e r v a l s  covering 
the  e n t i r e  mission was examined, and MSK d i s p l a y  f o r -  
mat r eques t s  were noted.  
n o t  included i n  t h i s  a n a l y s i s  because o f  manpower con- 
s t r a i n t s ) .  

(DRK d i s p l a y  reques ts  were 

Information as  t o  MSK format number c a l l e d ,  c a l l i n g  
console ,  and t i m e  i n t e r v a l  was t r a n s f e r r e d  t o  a 14,700 - 
element m a t r i x ,  descr ibed  below. 

Summary da ta  was a b s t r a c t e d  from t h e  m a t r i x  and en te red  
on summary d a t a  s h e e t s ;  t h e s e  were used t o  p l o t  curves 
desc r ib ing  t h e  use  o f  d i s p l a y  formats by console opera-  
t o r s  dur ing  GT-8. 

Conclusions of  the  types t h a t  might be drawn i n  a more 
complete a n a l y s i s  were made on format usage,  d i s p l a y  
system loading ,  and r e l a t i v e  demand f o r  var ious  d i sp lays .  

Mat r ix  of Format Requests 

A s e c t i o n  of t h e  format-request  ma t r ix  i s  shown i n  Table 4 .  
The 50 rows of t h e  ma t r ix  r ep resen t  t he  50 twenty-minute t i m e  
i n t e r v a l s .  
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The ith row (i = 1,2,3,---,50) conta ins  da t a  only  from the  ,th 
t i m e  i n t e r v a l .  The 294 columns of t he  ma t r ix  r ep resen t  the  294 
dynamically updated d i s p l a y  formats s t o r e d  i n  the  computer during 
the  mission.  The ja column ( j  = 1,2,3,---- ,294) conta ins  only  
da t a  concerning the  j- format .  Note t h a t  j i s  only  an  index 
number, and is  n o t  t h e  format number, a l though t h e  l a t t e r  was 
e n t e r e d  a t  t h e  top  of each column. 

t h  

The a c t u a l  e n t r i e s  made i n  t h e  c e l l s  o f  the  ma t r ix  were 
ca l l ing-console  numbers. Hence, the  numbers 52, 53, and 54 
appearing i n  the  c e l l  which i s  i n  t h e  
i n d i c a t e  t h a t  consoles  52, 53, and 54 each requested t h e  4 2  
format (format 0007) during t h e  2 7 t h  t i m e  i n t e r v a l .  
t he  number "52" appears  twice; t h i s  i n d i c a t e s  two s e p a r a t e  ca l l s  
f o r  the  format by console 52, making a s u b t o t a l  of f o u r  c a l l s  
dur ing  t h i s  i n t e r v a l .  This s u b t o t a l  number of c a l l s  was a l s o  
e n t e r e d  i n  the  ma t r ix  c e l l ;  thus t h e  number "4" appears i n  the  
lower r i g h t  corner  of the c e l l  f o r  i = 27, j = 4. 

column and 27th row 

Ac tua l ly ,  

Time d id  n o t  permit  t he  use  of the  console  numbers i n  the  
a n a l y s i s ,  hence only  the  s u b t o t a l s  were used. Each s u b t o t a l  
r e p r e s e n t s  t he  number of c a l l s  f o r  a given format during a 
given t i m e  i n t e r v a l ,  r ega rd le s s  of  whether the  c a l l s  were a l l  
frcxn the same console  o r  from many consoles .  It may be of some 
i n t e r e s t  t o  no te  t h a t  the  mateix,  i n  i t s  phys ica l  form, was 
made up of 111 ru led  s h e e t s  of paper ,  each 16 by 22 i nches ,  
and covered a w a l l  a r ea  of 272 square  f e e t .  

Re s u  1 t s 

Two b a s i c  types of summary da ta  were obta ined  from the  

the  ith i n t e r v a l )  
ma t r ix  s u b t o t a l s ;  t hese  a r e  sets of numbers denoted by N i  ( t h e  num- 
b e r  0% d i f f e r e n t  formats reques ted  du r in  
and Sj ( t h e  number of r eques t s  f o r  the  j- gh format during a l l  
f i f t y  t i m e  i n t e r v a l s ) .  The f i f t y  va lues  of N i ,  as t abu la t ed  
i n  Table 5, were obta ined  by h o r i z o n t a l l y  scanning each of 
the  f i f t y  rows of t h e  ma t r ix  @able 4 )  and count ing t h e  num- 
b e r  of c e l l s  i n  the row f o r  which the  s u b t o t a l s  were g r e a t e r  
than  zero .  A non-zero s u b t o t a l  i n  a given ce l l  i n d i c a t e s  
t h a t  t h e  format i n  whose column t h e  c e l l  f a l l s  was c a l l e d  a t  
l e a s t  once. Hence the  number of such non-zero s u b t o t a l s  is 
t h e  number of d i f f e r e n t  formats reques ted  ( a t  l e a s t  once) 
during t h e  t i m e  i n t e r v a l  f o r  t h a t  row. For  example, t he  t h i r d  
row conta ins  14 s u b t o t a l s  which a r e  n o t  ze ro ,  hence 14 d i f f e r e n t  
formats  were reques ted  during the  t h i r d  t i m e  i n t e r v a l ,  and 
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Table 5 

VALUES OF Ni 

- 
i 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

1 3  

i N 

30 

16 

14 

18 

25 

18 

8 

19 

22 

49  

4 0  

39 

37 

i 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

Ni 

4 2 

48 

50 

29 

29 

40 

31 

28 

19  

28 

24 

35 

44 

i 

40 

41 

42 

43  

44 

4 5  

46 

47 

4 8  

49 

5 0  

28 

29 

23 

32 

36 

17 

21 

20 

21 

14 

15 

Notes: i = T i m e  I n t e r v a l  Number (20  minute i n t e r v a l s )  

= Number of D i f f e r e n t  Formats Requested i n  Time 
I n t e r v a l  F. 

Ni 

I / '  
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N3 = 14. 
0482, 0483, 0484, 0485, 0712, 1090, 1110, 1222 ,  1223, 1240, 1301, 
and 1570. It should be noted  t h a t  some of t hese  formats were 
c a l l e d  more than once by the  same console ,  and by more than one 
console ,  hence the  number of c a l l s  f o r  t hese  1 4  formats dur ing  
t h i s  i n t e r v a l  i s  cons iderably  l a r g e r  than 14 and t h i s  should 
be borne i n  mind when cons ider ing  the  numbers and values  quoted 
below f o r  N i  d a t a .  I f  t i m e  had pe rmi t t ed ,  i t  would have been 
p r e f e r r e d  t o  modify t h e  simple d e f i n i t i o n  of N i  i n  s e v e r a l  ways. 

The a c t u a l  d i s p l a y  formats reques ted  were 0480, 0681, 

The 294 values  of S j  shown i n  Table 6, were obta ined  by 
adding the  s u b t o t a l s  i n  each of t he  294 columns of Table 4. 
Thus S. i s  t h e  t o t a l  number of t i m e s  the  jth format was re- 
ques t e3  dur ing  the  e n t i r e  miss ion ,  (v ia  MSK d i s p l a y  format re- 
ques t s  on ly ) .  
column of t h e  ma t r ix  i s  166,  hence S4 = 166, i n d i c a t i n g  t h i s  
many MSK c a l l s  f o r  t he  4 th  format (format 0007) during GT-8. 
The sum of t h e  S j  i s  the  t o t a l  number of MSK d i s p l a y  format re- 
ques t s  ( a l l  formats  , a l l  consoles ,  e n t i r e  mission);  t h i s  grand 
t o t a l  number of MSK c a l l s  i n  3,823. I f  DRK c a l l s  had been i n -  
c luded,  t h e  number would have been about  5400. Table 6 l i s t s  
t h e  va lues  of S j  versus  j and the  corresponding format number; 
t h e s e  e n t r i e s  a r e  grouped according t o  t h e  f i f t e e n  f u n c t i o n a l  
c a t e g o r i e s  of d i s p l a y  formats .  I n  a complete a n a l y s i s  DRK re- 
ques t s  would be included and thus S would be a t r u e  value of 

For  example, t h e  sum of t h e  s u b t o t a l s  i n  t h e  4 9  

t o t a l  d i s p l a y  format r eques t s  f o r  t 2 e e n t i r e  miss ion .  

Analysis  of N i  

A t i m e  h i s t o r y  of  N i  from Table 5 ,  i s  p l o t t e d  i n  F igure  5 ,  
showing the  number of  d i f f e r e n t  d i s p l a y  formats  c a l l e d  during 
each twenty-minute i n t e r v a l .  
p o r t i o n a l  t o  the  number of c a l l s  f o r  d i s p l a y s ,  i t  i s  a rough 
i n d i c a t o r  of  console  a c t i v i t y ;  a s  such,  i t  i n d i c a t e s  low ac-  
t i v i t y  nea r  t he  s t a r t  and end of t h e  miss ion ,  w i th  a t  l e a s t  
two s i g n i f i c a n t  peaks i n  between. N i  i s  probably more s i g -  
n i f i c a n t ,  however, a s  an i n d i c a t o r  of t he  number of D/TU channels 
i n  u s e ,  s i n c e ,  a t  a given t i m e ,  t h e  number of d i f f e r e n t  d i sp l ays  
being used is  equa l  t o  the  number of channels i n  use.  Again, N i  
i n  i t s  p resen t  form does n o t  g ive  very  d e t a i l e d  information a s  
t o  channel usage ,  f o r  s e v e r a l  reasons.  F i r s t ,  it is computed 
over  a twenty-minute i n t e r v a l ,  whereas the  number of channels 
being used may change many times during twenty minutes .  Since 
the  r eques t s  f o r  d i sp l ays  a r e  spread  ou t  over  t he  i n t e r v a l ,  and 
do n o t  occur  s imul taneous ly ,  a va lue  f o r  N i  of more than 28 does 
no t  n e c e s s a r i l y  i n d i c a t e  channel s a t u r a t i o n .  Furthermore,  some 
of t hese  r eques t s  w i l l  be s e r v i c e d  by means of a TU channel 

Although N i  i s  n o t  d i r e c t l y  pro-  
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l a t chup ,  i n  t h e  cases  where the  reques ted  d i s p l a y  is  a l r e a d y  
being genera ted  i n  a channel .  On the  o t h e r  hand, d i sp l ays  
requested i n  previous i n t e r v a l s  may s t i l l  be occupying chan- 
n e l s  dur ing  the  i n t e r v a l  of  i n t e r e s t ;  t h i s  tends t o  make the  
number of channels i n  use  be l a r g e r  than  t h e  number of d i f f e r e n t  
d i sp l ays  reques ted  i n  t h e  i n t e r v a l  of i n t e r e s t .  N i  becomes a 
more va luab le  i n d i c a t o r  a s  t he  t i m e  i n t e r v a l  considered becomes 
smal le r .  F i n a l l y ,  n o t  a l l  d i s p l a y  reques ts  a r e  ass igned  a chan- 
n e l  (under completely s a t u r a t e d  cond i t ions ) ;  t ending  t o  balance 
t h i s  f a c t o r  is  t h e  f a c t  t h a t  DRK - requested formats (not  i n -  
cluded i n  t h e  a n a l y s i s )  r e s u l t  i n  more channel ass ignmtnts  than 
would be es t imated  from N i  a lone .  On ba lance ,  i t  appears  t h a t  
Mi may s e r v e  a s  a good i n d i c a t o r  (provided one inc ludes  DRK 
r eques t s ,  uses  a s m a l l e r  t i m e  i n t e r v a l ,  and inc ludes  channel 
usage h i s t o r y ) .  From F igure  5 t h e  minimum number of d i f f e r e n t  
formats c a l l e d  during any i n t e r v a l  i s  8,  t h e  maximum number i s  
50, and t h e  average number i s  about  30. The d i s t r i b u t i o n  
(histogram) f o r  M i  i s  shown i n  F igure  6. 
increment chosen, , t he  curve shows t h a t  N i  l a y  between 14 and 
43 f o r  88% of the  t i m e ;  t h i s  i s  obta ined  by adding t h e  percent  
of t i m e  i n t e r v a l s  (given on one of the  v e r t i c a l  s c a l e s )  f o r  the  
f i v e  increments l y ing  between 14  and 43. 

For  the  his togram 

Analysis  - of S j  _Data 

S . ,  t h e  number of c a l l s  ( v i a  MSK d i s p l a y  r eques t  mode 
on ly )  $or  a given format during the  miss ion ,  v a r i e d  over  a 
wide range. 
d i c a t i n g  f r equen t  u s e ,  whi le  a l a r g e  number of formats  had 
smal l  va lues  of S j  , i n d i c a t i n g  in f r equen t  use.  
31% of the  formats were n o t  c a l l e d  (mostly the  d i s p l a y  formats 
ass igned  t o  the  network c o n t r o l l e r ) ,  even once,  dur ing  the  
mission (SJ = 0) .  Table 6 r evea l s  which formats had any given 
number of c a l l s ;  it shows, f o r  example, t h a t  format 0308 had 
no c a l l s  (Ssg = 0 ) ,  format 0461 had 17 c a l l s  (S50 = 1 7 ) ,  and 
format 0017 had 356 c a l l s  (Sg = 356). Format 1570, t h e  "TV 
Guide", had 55 c a l l s .  It should be noted  t h a t  S j  i n d i c a t e s  
only  how o f t e n  a d i s p l a y  was c a l l e d ,  n o t  how long i t  remained 
on a monitor ;  fur thermore ,  a format c a l l e d  o n l y  once may be on 
many monitors (v ia  TV channel r eques t s ) .  I n t u i t i v e l y ,  i t  would 
seem t h a t  d i sp l ays  viewed f o r  long per iods  ( l a r g e  Y.IP'' t i m e )  
would have a smal l  number of c a l l s ,  and v i c e  ve r sa .  However, 
t h i s  was n o t  borne o u t  by the  a n a l y s i s  of the L i f e  Systems 
consoles descr ibed  e a r l i e r .  

A few formats  had very  l a r g e  va lues  of Sj, i n -  

Approximately 
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Table 6 

Values of S by Func t iona l  Category 
j' 

S 
j 

j format 

F l i g h t  Dynamics Formats,  

-1 0004 3 

2 0005 2 

3 0006 137 

4 0007 166 

5 0008 2 

6 0009 3 

7 0012 228 

8 00 13 6 

9 00 17 356 

10 0018 1 

11 0019 2 1  

1 2  0020 1 8  

23 00 24 45  

14 00 25 21  

15 00 26 23 

1 6  0027 90 

17 0029 4 3  

18  0031 1 2  

1 9  0032 28 

Guidance Formats 

20 0 200 3 

21  0201 5 

22 0202 3 

23 0203 2 

24 0 204 1 

25 0 205 3 1  

26 0 206 44 

j format S 
j 

Guidance Formats cont  

27 0208 7 

28 0209 1 

29 0212 3 

30 0 213 27 

31  0214 36 

R e t r o f i r e  Formats 

32 

33 

34 

35 

36 

37 

38 

39 

40  

41 

4 2  

4 3  

44 

45 

0301 21 

0302 17 

0303 1 'Lo 
0304 2 

0305 2 

0306 5 

0307 23 

0308 0 

0309 0 

0310 0 

0311 3 

0312 8 

0315 0 

0317 13 

GNC Formats 

46 0400 7 

47 040 1 1 
4 8  040 2 1 
4 9  0460 32 

50 046 1 17 

5 1  0462 7 

j 
j format  S 

GNC Formats cont .  

i2 

i 3 

i4 

i5 

i6 

i7 

i8  

i 9  

50 

i l  

52 

33 

54 

35 

36 

57 

58 

59 

70 

7 1  

72 

73 

74 

75 

76 

77 

78  

046 3 

0464 

0465 

0466 

0470 

0 4 7 1  

0473 

0474  

0475 

0476 

0 4  80 

0 4 8 1  

0482 

0483 

0484 

0485 

0 4  90 

0491 

0492  

0493 

04 94 

0 4  95 

0500 

0 5 0 1  

0502 

0503 

0504 

15 

3 1  

3 

1 

3 

0 

1 

0 

0 

0 

17 

21 

8 

9 

9 

7 

0 

0 

0 

0 

0 

0 

3 

5 

1 

4 

3 

41 
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Table  6 cont. 
Values of S ~ 

by Functional Category 

S 
j 

j format 

GNC Formats cont. 

79 0551 

80 0552 

81 0557 

82 0560 

83 0561 

84 0562 

85 0563 

86 0564 

87 0570 

88 0571 

EECQM Farmzits 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

100 

10 1 

10 2 

PO 3 

104 

0602 

0603 

0604 

0605 

0606 

0607 

0609 

06 22 

0626 

06 27 

06 28 

0629 

0630 

0 700 

0701 

0702 

3 

4 

1 

18 

16 

1 

3 

3 

0 

0 

3 

2 

2 

1 

0 

1 

1 

1 

2 

1 

16 

2 

1 

4 

4 

4 

J 

S 
j 

j format 

EECOH Formats cont 
105 

10 6 

PO 7 

10 8 

10 9 

110 

111 
112 

113 

E 14 

115 

116 

1 1 7  

118 

119 

120 

121 

122 

123 

124 

125 

126 

127 

128 

129 

130 

131 

0703 

0 704 

0705 

0706 

0707 

0708 

0709 

0711 

0712 

0713 

0716 

0717 

0718 

0719 

0721 

0722 

0723 

0726 

0727 

07 28 

0729 

0734 

0735 

0736 

0737 

0738 

0739 

4 2  

2 

2 

2 

4 

16 

5 

1 

3 

22 

3 

2 

3 

2 

2 

3 1  

5 

3 

24 

2 

2 

3 

1 

0 

0 

3 

0 

0 

j format S 

EECOMFormats cont. 

132 0743 0 

133 0744 3 

134 0745 0 

135 0746 0 

136 0773 0 

Life Systems Formats 

137 0 800 1 

138 0801 2 

139 0802 2 

140 0803 6 

14 1 0807 0 

14 2 0808 0 

14 3 0809 1 
144 0810 1 

Spacecraft Communicator 

j 

Formats 

14 5 0902 49 

14 6 0903 6 

14 7 0904 33 

14 8 0905 105 

14 9 0906 26 

150 0908 4 

1 5 1  0909 1 2  

15 2 0910 18 



T a b l e  6 c o n t .  
Values  of S;, by F u n c t i o n a l  Category  

format  S 
j j 

AGENA Systems Formats  

153 

154 

155 

15 6 

157 

15 8 

15 9 

160 

161 

16 2 

163 

164 

165 

166 

16 7 

168 

16 9 

170 

17 1 

172  

1 7 3  

174 

175 

176 

177 

1 7 8  

179 

1000 

100 1 

100 2 

100 3 

1004 

1005 

100 6 

100 7 

1008 

1012 

1050 

1051 

1052 

1053 

1054 

1055 

1056 

105 7 

1058 

105 9 

1060 

1061  

1062 

1063 

1064 

1065 

1066 

5 5  

11 

6 

14 

28 

15  

16 

8 

6 

0 

33 

14 

1 

0 

0 

0 

13 

4 

1 

0 

10 

0 

1 

1 
0 

0 

2 

J 

S 
j 

j fo rma t  

AGENA Systems Formats  

180 1067 0 

181 1068 0 

1 8 2  1069 0 

183 10 70 0 

184 1071 0 

185 1072 5 

186 1077 1 

187 1078 0 

188 1079 0 

189 10 80 1 
190 1081 15 

191 1082 9 

192  10 83 0 

193 1089 11 

194 10 90 18 

195 10 91 5 

Guidance & C o n t r o l  

Formats  

196 1100 44 

197 1101 4 

198 1102 1 

199 1103 15 

200 1104 5 

20 1 110.5 1 

20 2 1106 3 

20 3 1107 2 

204 1110 16 

4 3  

j 
j fo rma t  S 

P r o p u l s i o n  Formats  

205 1200 30 

206 1201 4 

207 1202 0 

208 1203 9 

209 1204 3 

210 1205 2 

211 1211 0 

212 1212 1 

213 1213 1 

214 1215 0 

215 1216 0 

216 1222 33 

217 1223 18 

ELS & Rendezvous 

Formats  

218 1230 

219 1231 

220 1232 

221 1233 

222 1234 

223 1235 

224 1236 

225 1240 

2 26 1 24 1 
. .  

38 

18 

1 2  

19  

5 

2 

2 

26 

7 



Table 6 con t ,  
Values of S by Func t iona l  Category 

j’ 

j format j format S 
j 

S 
j 

Booster Systems Formats Network Operat ions 

227 1300 1 2  

228 130 1 10 

229 1303 5 

Recovery & Weather Formats 

230 1450 26 

Network Operat ions Formats 

23 1 

23 2 

233 

234 

235 

236 

237 

238 

239 

240 

24 1 
24 2 

24 3 

244 

24 5 

24 6 

24 7 

24 8 

24 9 

250 

14 80 

1481 

1482 

1483 

14 84 

14 85 

1516 

1517 

1518 

1519 

15 20 

1521 

1522 

15 23 

15 24 

15 25 

15 26 

1527 

1528 

1529 

0 

0 

0 

0 

1 
0 

0 

1 
0 

0 

0 

0 

0 

0 

18 

0 

0 

0 

0 

0 

25 1 
25 2 

25 3 

254 

25 5 

256 

25 7 

258 

259 

260 

26 1 
26 2 

26 3 

264 

265 

26 6 

26 7 

26 8 

26 9 

2 70 

271 

272 

273 

2 74 

Formats cont .  

1530 

1531  

1532 

1533 

1534 

1535 

1536 

1544 

1545 

1546 

154 7 

1548 

154 9 

1550 

1551 

155 2 

1555 
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1558 

1559 
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1561 

1562 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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27 9 

2 80 

281 

282 
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284 

285 

286 

28 7 

288 

28 9 

2 90 

291  

292 

293 

2 94 

15 70 

1572 

1573 

15 74 

1575 

1576 

1579 

1580 

1581 

1582 

1583 

1584 

1585 

15 93 

1594 

15 95 

15 96 

1598 

1599 

1600 
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A d e t a i l e d  p i c t u r e  of how S v a r i e d  over  t h e  var ious f o r -  j mats i s  given by Figure 7. Curve A i s  a d i s t r i b u t i o n  of S j  
(his togram),  showing the  number of formats (and percentage of a l l  
formats)  which had values  of S -  i n  c e r t a i n  ranges. For  example, 
it shows t h a t  2 7 1  formats ( o r  d2% of a l l  formats)  had a n  Sj 
between 0 and 34,  i n c l u s i v e ;  i . e . ,  t h e i r  number of c a l l s  v a r i e d  
between 0 and 34. Thus o n l y  8% of t h e  formats were c a l l e d  more 
than 34 t i m e s .  A more d e t a i l e d  p i c t u r e  is given by Curve B ,  which 
covers only values  of S .  up t o  20, but  which employs a u n i t  i n -  
crement f o r  S j .  
formats ( a l s o  expressed a s  a percentage of t o t a l  formats)  were 
c a l l e d  0 t i m e s ,  1 t i m e ,  2 t i m e s ,  e t c .  The average number of 
c a l l s  p e r  format ,  over  a l l  formats ,  is  13 (dashed l i n e  on Curve 
A ) .  '-'-Chrve E i n d i c a t e s  t h a t  9 0  formats were never  c a l l e d ,  33 
were c a l l e d  once,  25 were c a l l e d  twice, e t c .  The c u r v e s h l l :  
o f f  r a p i d l y  with i n c r e a s i n g  Sj; f o r  values  of S j  above 18 t h e r e  
a r e  never  more than  4 formats having one of t h e  observed va lues  
of Sj and above 55 never  more than l format having one of t h e s e  
observed values  e 

3 Because of t h i s ,  Curve B shows e x a c t l y  how many 

I f  t h e  number of  c a l l s  p e r  format ,  Sj i s  m u l t i p l i e d  by t h e  
number of formats having t h a t  same value of Sj, t h e  r e s u l t  i s  
t o t a l  number of Ms1K c a l l s  ( f o r  a l l  formats having Sj c a l l s )  
dur ing  t h e  mission,  
Figure 8. 
shows, f o r  example, t h a t  t h e r e  were 99 c a l l s  f o r  formats which 
were c a l l e d  e x a c t l y  33 t i m e s  each during the mission ( s o l i d  
p o i n t ) ,  i o e s ,  t h e r e  were 3 such formats .  The l a r g e s t  number of 
c a l l s  was 3 5 6 ;  t h e s e  were f o r  a s i n g l e  format (format 0017). 
The s m a l l e s t  number of c a l l s  was 19, a g a i n ,  t h e s e  were f o r  a 
s i n g l e  format (format 12339. I f  t h e r e  were 0 3 l y  one format 
having any given value of S., t h e  p o i n t s  would a l l  f a l l  on a 
s t r a i g h t  l i n e  having u n i t  s'lope. There a r e  many such p o i n t s ;  
t h e s e  a r e  connected by a dashed l i n e  t o  form a lower boundary 
f o r  t h e  set  of p o i n t s .  
f a l l  on t h i s  boundary simply i l l u s t r a t e s  the  l a s t  phrase of t he  
preceding paragraph. The l a r g e r  t h e  s lope  of a l i n e  from t h e  
o r i g i n  t o  a given p o i n t ,  t h e  l a r g e r  the number of formats having 
t h a t  value of Sj. The l a r g e s t  such s lope  is f o r  t he  f i r s t  p o i n t  
( S j  = l ) ,Here  the  curve shows t h a t  t h e r e  a r e  33 c a l l s  f o r  f o r -  
mats c a l l e d  only  once.  Thus the re  a r e  33 such formats ,  which 
agrees  w i t h  F igure  7 .  

This q u a n t i t y  i s  p l o t t e d  versus  Sj i n  
The r e s u l t  $.% a s c a t t e r  diagram of p o i n t s  , which 

The f a c t  t h a t  a l l  p o i n t s  above Sj = 55 

4 5  
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Analys is  Func t iona l  Groups of Displays 

When t h e  va r ious  d i s p l a y  formats a r e  considered i n  terms 
of f u n c t i o n a l  groupings ( see  Table 6 ), some i n t e r e s t i n g  com- 
par i sons  may be made among t h e  f i f t e e n  groups of d i s p l a y s .  
F igure  9 shows t h e  e x t e n t  t o  which the a v a i l a b l e  d i s p l a y s  i n  
each group were used ( a t  l e a s t  once) ,  expressed  a s  a percent  
usage (not  inc luding  DRK r e q u e s t s ) .  This  was c a l c u l a t e d  f o r  
each group by d iv id ing  t h e  number of d i s p l a y s  used ( a t  l e a s t  
once),  by t h e  number a v a i l a b l e  i n  t h a t  group. A s  can be seen ,  
7 of t h e  groups were used loo%, i . e . ,  eve ry  d i s p l a y  i n  these  
groups was c a l l e d .  The usage diminishes  t o  about  63% a s  the  
next  7 groups a r e  cons idered ,  and i s  o n l y  4,5% f o r  t he  l a s t  
group (Network Opera t ions ) ,  I n  the  l a t t e r  group, 42 of the  
44 d i sp lays  a v a i l a b l e  were never  c a l l e d .  From t h e  curve,  
(Figure 9), t he  groups of d i sp l ays  f a l l  i n t o  t h r e e  f a i r l y  
d i s t i n c t :  sets: 8 groups ( F l i g h t  Dynamics through RTCC) ex- 
per ienced usage e q u a l l i n g  o r  approaching loo%, 6 groups ( L i f e  
Systems through AGENA Sys tems ) experienced usage averaging 
about  70%, and 1 group (Network Opera t ions)  had very  low usage,  
approaching 0%. The o v e r a l l  u t i l i z a t i o n  ( a l l  groups)  is 69%, 
i . e . ,  69% of the  294 formats  were c a l l e d  a t  l e a s t  once.  I f  
t h e  f i r s t  c a l l  f o r  a format i s  assumed t o  be f o r  checking pur- 
poses,  t h i s  u t i l i z a t i o n  f a c t o r  drops t o  '58% of the  formats which were 
c a l l e d  f o r  "opera t iona l"  u se  ( c a l l e d  a t  l e a s t  twice) .  

Within each f u n c t i o n a l  grcup , t he  d i sp lays  experienced 
va r ious  numbers of c a l l s ,  ranging from zero upwards. There a r e  
a l s o  var ious  numbers of d i sp l ays  i n  each groupg a s  can be seen  
i n  Table 6 ,  
groups is t h e  average (over  a l l  formats)  number of c a l l s  pe r  
format.  This i s  p l o t t e d  f o r  each group i n  F igure  10. The group 
having h ighes t  average format a c t i v i t y  he re  is F l i g h t  Dynamics; 
t h i s  group a l s o  had 100% usage,  from Figure  9 .  The group wi th  
lowest average a c t i v i t y  i s  Network Opera t ions ;  t h i s  group a l s o  
had t h e  lowest  percent  usage from Figure  9 .  There is  f a i r l y  
h igh  c o r r e l a t i o n  between the  rank-order  of a group i n  Figure 10 
and i t s  rank-order  i n  F igure  9 ,  i . e . ,  h igh  percent  usage tends 
t o  be a s s o c i a t e d  wi th  a l a r g e  number of c a l l s / f o r m a t ,  and v i c e  
v e r s a .  The c a l l s / f o r m a t  curve i n  F igure  10 ,  however, does n o t  
e x h i b i t  t h e  3 d i s t i n c t  ranges of values  found i n  F igure  9 ;  i n -  
s t e a d ,  i t  i s  a f a i r l y  smooth curve which is  approximately nega- 
t i v e  - exponen t i a l  i n  shape. 

One measure of a c t i v i t y  of d i sp l ays  i n  var ious  
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The average number of c a l l s  p e r  format over  a l l  groups is 
3823/294 = 13 c a l l s / f o r m a t ,  a s  i n d i c a t e d  e a r l i e r  on Figure 7. 
This average va lue ,  a s  w e l l  a s  t h e  values  f o r  i nd iv idua l  groups 
of formats ,  tends t o  be low because of t h e  inc lus ion  of formats 
having zero c a l l s .  I f  these  a r e  excluded, t he  values  of Figure 
10 a r e  q u i t e  d i f f e r e n t  i n  some c a s e s ,  s i n c e  the  q u a n t i t y  being 
c a l c u l a t e d  i s  now t h e  average number of c a l l s  p e r  format - f o r  
those  formats which were used. For  example, t he  format a c t i v i t y  
f o r  EECOM d i sp lays  goes up to  49 c a l l s / f o r m a t ,  from the  4 of 
Figure 10,  and f o r  GNC d i s p l a y s ,  t he  a c t i v i t y  goes from 6 t o  
82. The o v e r a l l  average number of c a l l s  p e r  format rises from 
13 t o  almost 19 i f  formats having Sj = 0 a r e  excluded. This 
e f f e c t  is i l l u s t r a t e d  i n  Table 7 ,  where the  rounded c a l l s / f o r -  
mat a r e  given f o r  both inc lus ion  of unused d i sp lays  (i.e.3 t h e  
o r d i n a t e s  f o r  F igure  10) and exc lus ion  of unused d i sp lays .  

Table 7 

Average Number of C a l l s  per Format When Excluding Formats Never Cal led  

GROUP 
__s__ 

F l i g h t  Dy- 
namic s 

Guidance 

R e t r o f i r e  

GNC 

EEC OM 

L i f e  Systems 

CALLS PER FORMAT 
( i n c l .  S.=O)(excl. S =O) 
-- 

J j 
63 63 

14 14 

15 20 

6 82 

4 49 

2 2 

GROU P 

Spacecraf t  
Communicator 
AGENA Sys 
G & C  
Propuls ion 
ELS & R. 
Booster Sys. 
Recov. & Weather 
Network Ops. 
RTCC 

CALLS PER FORMAT -- 
( i n c l .  S 4  =Q)(exc l .  S,=O 

32 32 

7 11 
10 10 

8 11 
14 14 

9 9 
26 26 

0 1 
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Analysis  - of "Clear" Requests E r ro r s  

F u r t h e r  information concerning t h e  d i a l i n g  of MSK d i s p l a y  
reques ts  (no t  t a b u l a t e d  i n  Tab le6  ) was obta ined  by count ing 
the  number of " c l e a r  monitor" reques ts  , i .e. , t h e  number of 
c a l l s  f o r  "format" 0000, During the e n t i r e  miss ion ,  t he re  
were 1 7 7  such r eques t s .  Also,  a number of reques ted  "formats" 
appearing on the  DRIP p r i n t o u t  turned o u t  no t  t o  be l e g a l l y  - 
ass igned  format numbers; t hese  a r e  e i t h e r  machine e r r o r s  o r  
e lse  r ep resen t  human e r r o r s  i n  d i a l i n g  up d i sp lays  (e.g.  ~ 

d i a l i n g  0011 i n s t e a d  of 1100). Assuming t h a t  a l l  of them f a l l  
i n  t he  l a t t e r  ca tegory ,  t he re  were 147 such %is takes"  i n  
d i a l i n g .  Thus, t he  t o t a l  number of MSlK - d i a l e d  r eques t s ,  
us ing  t h e  d isp lay- reques t  mode was 4147*, i .e . ,  t he  sum of 
3,823 v a l i d  d i s p l a y  reques ts  , 1 7 7  " c l e a r  monitor" r eques t s ,  
and 147 i n v a l i d  d i s p l a y  r eques t s .  These ca t egor i e s  r ep resen t ,  
r e s p e c t i v e l y ,  about  92%, 4%, And 4% of the  t o t a l  number of re- 
ques t s  ., 

Limi ta t ions  on Conclus ions 

Conclusions drawn from t h i s  d i s p l a y  format a n a l y s i s  a r e  
l i m i t e d  t o  some e x t e n t  i n  t h e i r  v a l i d i t y  by t h e  fol lowing 
f a c t o r s  some of which have a l r eadyL  been mentLoaed, 

09 Information of a temporal n a t u r e  (exac t  t i m e  of 
r eques t ,  %p'l t i m e  o r  du ra t ion  of a d i s p l a y ,  e t c . )  
was used only  t o  the e x t e n t  of cons ider ing  very  
gross  t i m e  i n t e r v a l s  , i .e.  , twenty minutes ,, This 
in t roduces  an averaging e f f e c t  which obscures the  
r ap id  changes t h a t  sometimes take p l ace  i n  t h e  
s t a t e  of t h e  d i s p l a y  system, Such an  i n t e r v a l  i s  
s u f f i c i e n t l y  s h o r t ,  however, t o  e x h i b i t  t h e  long- 
term v a r i a t i o n s  which take p l ace  during t h e  mission.  

Only MSK d i s p l a y  reques ts  w e r e  analyzed;  DRK re- 
ques t s  were n o t  included,  The numbers and va lues  
quoted i n  t h e  a n a l y s i s  a r e  n o t  t o  be considered 
as completely c h a r a c t e r i z i n g  GT-8 d i s p l a y  reques t  a c t i v i t y .  

%Che equ iva len t  number obta ined  i n  the  module a c t i v i t y  s tudy  was 
4180; cons ider ing  t h a t  t hese  were obta ined  by d i f f e r e n t  procedi 
u r e s  and d i f f e r e n t  people. v i a  manual reduct ion  of a l a r g e  amount 
of d a t a ,  t h e  two numbers agree  t o  a remarkable e x t e n t  (within 
about  l%)>. 
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They a r e  presented  t o  i n d i c a t e  t h e  na tu re  of t h e  procedures 
f o r  d a t a  a c q u i s i t i o n  and handl ing  and t o  show t h e  kinds of 
conclusions t h a t  w i l l  be  p o s s i b l e  i f  t h e s e  procedures a r e  
used i n  a more comprehensive s tudy  e f f o r t .  

e To t h e  e x t e n t  t h a t  a d i s p l a y  r eques t  i s  not  n e c e s s a r i l y  
i d e n t i c a l  wi th  a D/TV channel assignment,  a n a l y s i s  of re- 
q u e s t s  i s  no t  t h e  same th ing  a s  a n a l y s i s  of channel a s s ign -  
ments. The presence of m u l t i p l e  r eques t s  f o r  t h e  same d i s -  
p l ay ,  a s  w e l l  as t h e  gene ra t ion  of d i s p l a y s  i n  some channels 
a s  a r e s u l t  of p r i o r  r eques t s ,  means t h a t  t h e  number of re- 
ques t s  f o r  d i f f e r e n t  formats i n  a given i n t e r v a l  i s  not  
equal  t o  t h e  number of channel assignments made dur ing  t h a t  
i n t e r v a l ,  much less t o  t h e  number of channels i n  use  a t  any 
p a r t i c u l a r  i n s t a n t .  Never the less ,  t h e r e  i s  a rough cor -  
r e l a t i o n  between these  q u a n t i t i e s ,  which g ives  some in -  
d i c a t i o n  of demand f o r  channels.  

t o  t h e  GT-8 mission. 
missions only  t o  t h e  e x t e n t  t h a t  such missions a r e  s imi l a r  
t o  GT-8 i n  complexity,  mission phasing, and na tu re  of d i s -  

0 These sample conclusions apply,  s t r i c t l y  - speaking,  only 
They can be ex t r apo la t ed  t o  o the r  

L .  ' p lays  used. 
(e The informat ion  conten t  and arrangement of t h e  d i f f e r e n t  

d i s p l a y  formats  w a s  no t  considered,  and hence no conclusions 
can be drawn as t o  the  types of d i sp l ays  which can be ex- 
pected t o  have low (or  high) usage. For  example, c e r t a i n  
types  of d a t a  may never have been needed because of t he  un- 
expec ted ly  e a r l y  te rmina t ion  of t h e  mission;  t h i s  might 
e x p l a i n  t h e  absence of c a l l s  f o r  some of t h e  d i sp lays .  The 
r e l a t ive ly - low demand f o r  o t h e r  d i sp l ays  might have been 
due t o  redundancy i n  da t a  con ten t ,  i . e . ,  i f  two o r  more 
d i s p l a y s  con ta in  t h e  same given p i ece  of d a t a ,  t hen ,  a s  f a r  
as access  t o  t h a t  datum i s  concerned, one would expect  re- 
ques t s  t o  be d iv ided  among t h e  d i s p l a y s ,  thus  lowering t h e  
demanc! f o r  each. 

on ly  dur ing  one o r  a few mission phases was a v a i l a b l e ,  and 
a l l  d i sp l ays  were t r e a t e d  t h e  same on t h i s  b a s i s .  

B Information re la t ive  t o  which console  c a l l e d  which d i sp lays  
w a s  no t  a b s t r a c t e d  from t h e  matr ix .  

8 The f a c t  t h a t  many d i sp lays  were c a l l e d  only  once, and viewed 
only  f o r  a s h o r t  t i m e ,  i n d i c a t e s  t h a t  t h e s e  d i sp lays  were not  
be ing  used i n  t h e  normal manner. S ince  such c a l l s  were i n -  
cluded i n  t h e  a n a l y s i s ,  they  tend t o  d i s t o r t  any conclusions 
a s  t o  t h e  r e l a t i v e  usefu lness  of va r ious  formats .  At t h e  
same t i m e ,  t h e i r  i n c l u s i o n  makes more v a l i d  any conclusions 
as t o  hardware/software l o d i n g  i n  t h e  system. 

II No informat ion  as t o  which d i sp lays  were designed f o r  u s e  
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Conclusions 

Subjec t  t o  t h e  foregoing l i m i t a t i o n s ,  and based on t h e  previously 
presented curves and d a t a ,  t h e  fol lowing types of s ta tements  seem 
reasonable ;  

The average va lue  of N .  (about 30 d i f f e r e n t  formats re- 
quested i n  one twenty-minute i n t e r v a l )  does not  seem t o  
be cause f o r  alarm, as  f a r  as  channel s a t u r a t i o n  i s  con- 
cerned. The occas iona l  sho r t -du ra t ion  peaks i n  t h e  t i m e  
h i s t o r y  of N .  i n d i c a t e  occas iona l  channel s a t u r a t i o n ,  thus  
suppor t ing  the conclusions of t h e  channel s a t u r a t i o n  ana lys i s .  

e The very l a r g e  v a r i a t i o n  i n ' S j  over t h e  va r ious  d i sp lay  
formats ( ranging from zero  c a l l s  t o  356 c a l l s )  sugges ts  
t h e  p o s s i b i l i t y  of decreas ing  t h e  computer co re  memory 
capac i ty  r equ i r ed  t o  s t o r e  and process  d i sp l ays ,  and hence 
of decreas ing  equipment c o s t s .  This  could be done by 
making t h e  l e s s - f r equen t ly  used d i s p l a y s  less r e a d i l y  
a v a i l a b l e ,  i n  some sense.  I n  t h e  extreme, those  formats 
which can reasonably be pred ic ted  t o  have very smal l  o r  
zero usage could be considered candida tes  f o r  removal from 
t h e  system e n t i r e l y ,  thus  f r e e i n g  CFTJ and co re  s t o r a g e  
capac i ty .  A more reasonable  approach might be t o  s t o r e  
such d i s p l a y s  on d i s k  o r  drum, which i s  less expensive than  
core ;  t he  r e s u l t a n t  savings i n  c o s t  might more than  com- 
pensate  f o r  the  increased  response t i m e  f o r  t h i s  c l a s s  of 
seldom - c a l l e d  d i sp lays .  
The number of mistakes made i n  d i a l i n g  d i sp lays  v i a  MSK's 
i s  not  l a r g e ,  on a percentage b a s i s ,  and does not  con- 
t r i b u t e  s i g n i f i c a n t l y  t o  CPU t i m e  i n  t h e  computer. 
The r e l a t i v e l y  smal l  number of ' ' c lear  monitor' '  r eques t s  
( an  average of roughly 3 per console  during t h e  15-hour 
mission)  i n d i c a t e s  t h a t  some d i sp lays  poss ib ly  a r e  being 
l e f t  on t h e  monitor sc reens  a f t e r  they  cease  t o  be of 
va lue  t o  a f l i g h t  c o n t r o l l e r .  This  tends t o  sho r t en  t h e  
l i f e  of t h e  charac t ron  tubes  used f o r  genera t ing  t h e  
d i s p l a y s ,  which l eads  t o  increased  f a i l u r e  r a t e  and higher  
maintenance c o s t s .  The p r e c i s e  e x t e n t  t o  which t h i s  
s i t u a t i o n  may e x i s t  cannot be determined from the  d a t a  used 
i n  t h i s  a n a l y s i s .  

f u n c t i o n a l  groups of d i sp l ays  i n s o f a r  a s  usage is  concerned; 
t h e  percentage of a v a i l a b l e  d i s p l a y s  c a l l e d  a t  l e a s t  once 
v a r i e d  over  a range of 100% t o  63% i f  t he  one very low 
group (Network Operat ions)  i s  excluded. This  would in -  
d i c a t e  t h a t  the  percentage of low-probabi l i ty-of-use 
d i sp lays  i s  not t oo  g r e a t l y  d i f f e r e n t  from one group t o  

1 
e 

* 

@ 

* There was n o t  a h ighly  s i g n i f i c a n t  d i f f e r e n c e  among 



another ,  i .e.,  t h a t  t he  des ign  philosophy used i n  de-  
s ign ing  t h e  va r ious  groups i s  very  roughly t h e  same. 

o The average number of c a l l s  p e r  format v a r i e s  over a wide 
range f o r  t h e  va r ious  func t iona l  groups of formats.  The 
same comments apply here  a s  apply t o  t h e  wide range of 
v a r i a t i o n  i n  S .  i t s e l f .  However, a remedy f o r  low 
a c t i v i t y  f ormaJs i s  p o t e n t i a l l y  a v a i l a b l e  wi th in  each 
f u n c t i o n a l  group ( t h i s  remedy is probably not  a v a i l a b l e  f o r  
t h e  formats a s  a whole). I f  one assumes t h a t  t h e  i n f o r -  
mation c a r r i e d  w i t h i n  t h e  d i s p l a y s  of a func t iona l  group 
i s  by and l a r g e ,  no t  dup l i ca t ed  i n  any o the r  func t iona l  
group, than  any major redundancies i n  d isp layed  d a t a  must 
occur w i t h i n  groups and not  across  groups. I n  the  case  
where such redundancies (dupl ica ted  d a t a )  occur i n  low - 
d e n s i t y  d i s p l a y s ,  t he  redundancies may be e l imina ted  by 
combining one o r  more d i s p l a y s  i n t o  a s i n g l e  format.  This 
i s  more f e a s i b l e ,  from d i sp lay  des ign  and d i sp lay  i n t e l l i g i b i l i t y  
viewpoints ,  when done w i t h i n  a f u n c t i o n a l  group ins t ead  of a- 
C m S  f u n c t i o n a l  groups. It would have t h e  e f f e c t  of re- 
ducing t h e  number of formats and inc reas ing  t h e  average 
a c t i v i t y  of t h e  formats ,  i . e e 3  one would not  expect  a s  g r e a t  
a v a r i a t i o n  i n  format a c t i v i t y .  It should a l s o  r e s u l t  i n  re- 
ducing s t o r a g e  and update requirements on t h e  computer ( t o  the  
e x t e n t  t h a t  redundant d a t a  i s  e l imina ted )  a s  w e l l  a s  i n -  
c r eas ing  t h e  u t i l i z a t i o n  of t h e  core  b u f f e r s  i n  t h e  D/TV 
channels.  Las t ,  but  not  l e a s t ,  i t  should tend t o  reduce t h e  
demand f o r  D/TV channels ,  s i n c e  a s i n g l e  channel could then  
be handl ing the  d a t a  formerly r e q u i r i n g  two o r  more channels .  

i s  i r r e g u l a r  and unpredic tab le ,  a t  l e a s t  f o r  t he  shorter-&erm 
f l u c t u a t i o n s .  This  apparent ly  random v a r i a t i o n  impl ies  t h a t  
such f a c t o r s  as  channel demand may b e s t  be t r e a t e d  a s  random 
v a r i a b l e s ,  i .e.,  it impl ies  a s t a t i s t i c a l  approaeh t o  t h e  
a n a l y s i s  and p red ic t ion  of d i sp l ay  system behavior .  

o The t i m e  v a r i a t i o n  of d i sp l ay  system parameters such as  N .  
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TOTAL CONSOLE MODULE ACTIVITY ANALYSIS 

Purpose 

The purpose f o r  ana lyz ing  t o t a l  console  module a c t i v i t y  ( i . e e 9  
the  number and types of pushbutton a c t i o n s  by ope ra to r s )  was t o  re- 
v e a l  t h e  na tu re  and v a r i a t i o n  of D / C  system a c t i v i t y  dur ing  t h e  GT-8 
mission,  as w e l l  a s  t o  form a b a s i s  f o r  examining a number of m i s -  
s i o n s , t o  determine load t r ends  on t h e  d i s p l a y  system. Included is  
t h e  o b j e c t i v e  of determining t h e  r e l a t i v e  usage of manual select  key- 
boards and d i s p l a y  r eques t  keyboards and of determining preference  
between t h e  two d isp lay-access  modes ( i . e o 3  d i s p l a y  r eques t  made and 
TV channel r eques t  mode) 

Procedure 

Module a c t i v i t y  d a t a  was obta ined  through t h e  u s e  of t h e  Ph i l co  
DRIP program, The r e s u l t  was a computer p r i n t o u t  conta in ing  over 
27,000 l i n e s  f o r  t h e  GT-8 mission,  and covering s l i g h t l y  under 1 7  
hours  ( t h i s  inc ludes  about 2 hours of pre-mission and post-mission 
t i m e )  

l a t i o n  of ope ra to r  i npu t  a c t i o n s .  
This  computer p r i n t o u t  was reduced manually t o  a summary tabu-  

Resu l t s  

The summary t a b u l a t i o n  of input  a c t i o n s  f o r  50 t i m e  i n t e r v a l s  of 

The a c t u a l  number of a c t i o n s  of each type i s  en te red  f o r  each 
20 minutes each i s  presented  i n  Table 8 

per iod ,  w i th  t h e  va r ious  types of MSK i n p u t s  (format r e q u e s t s ,  chan- 
n e l  r eques t s ,  and t o t a l  r eques t s )  grouped f o r  comparison. The appro- 
p r i a t e  a c t i o n s  a r e  summed h o r i z o n t a l l y  f o r  each i n t e r v a l  t o  o b t a i n  
t o t a l  d i s p l a y  format r e q u e s t s ,  t o t a l  a c t i o n s ,  and (by t h e  use  of 
conversion f a c t o r s )  t o t a l  words of computer i npu t ;  t h e s e  q u a n t i t i e s  
appear i n  t h e  l a s t  t h r e e  columns. A l l  columns a r e  summed a t  t h e  end 
of t he  t a b l e  t o  g ive  grand t o t a l s  (over t h e  e n t i r e  mission) i n  each 
category.  The grand t o t a l s  f o r  a c t i o n s  of each type  i s  a l s o  expressed 
a s  a percent  of a l l  pushbutton a c t i o n s .  

c o n t r o l  keyboard (PCK) event  sequence ove r r ide  (ESO) , and summary 
message enable  keyboard (SMEK) c o n t r i b u t e  only 2.53 percent  of a l l  
a c t i o n s ,  and t h a t  most of t h e s e  ac t ions  occurred dur ing  t h e  f i r s t  20 
t i m e  i n t e r v a l s  (which mainly cover t h e  Paunch per iods) .  FDK a c t i o n s  
account f o r  most of t h e  2.53 percent ,  and subsequent i n v e s t i g a t i o n s  
of t he  p r i n t o u t s  r e v e a l  t h a t  t h e s e  FDK t a b u l a t i o n s  probably do not  
r ep resen t  a t r u e  couni: of ope ra to r  a c t i o n s .  The p r i n t o u t s  i n d i c a t e  
t h a t  t h e  same FDK a c t i o n s  occur many t i m e s  w i t h i n  a matter of seconds.  

The t a b l e  r e v e a l s  t h a t  t h e  forced  d i s p l a y  keyboard (FDK), phase 
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our  i n t e r p r e t a t i o n  is  t h a t  
bu t ton  (which i s  b l ink ing)  
C I M  loading  study,page 6 8 ,  

c o n t r o l l e r s  tend t o  keep t h e  FDK acknowledge 
depressed from one t o  s e v e r a l  seconds. 
i n d i c a t e s  t h a t  t h e  C I M  i s  being used t o  

The 

less than  two percent  of capac i ty  on a time-averaged b a s i s  and is  almost 
always ready t o  t r ansmi t  r eques t s  t o  t h e  RTCC. This  l o w  load  f a c t o r ,  
and t h e  f a s t  scanning c h a r a c t e r i s t i c  of t h e  C I M  mean t h a t  t ransmiss ions  
of FDK acknowledges from t h e  same scan  p o s i t i o n  can occur w i t h i n  m i l l i -  
seconds of eachcother .  Thus i f  an ope ra to r  depressed t h e  FDK bu t ton  
f o r  one second t h i s  could r e s u l t  i n  t h e  RTCC r ece iv ing  s e v g r a l  of t h e  
same FDK acknowledgements, which appears  t o  be t h e  casen  However, t h e  
r e l a t i v e l y  s m a l l  number of FDK, SMEK, Ea, and PCK a c t i o n s  compared 
wi th  o t h e r  keyboard a c t i o n s  do not  s e r i o u s l y  a f f e c t  t h e  i n t e r p r e t a t i o n s  
of t h i s  da t a  (a l though as f a r  a s  t h e  RTCC and C I M  are  concerned t h e s e  
FDK a c t i o n s  do occur and must be se rv iced ) .  

T.able 8a l lows  a comparison of t h e  MSK and DRK a c t i o n s ,  and F igu re  
11 g r a p h i c a l l y  shows t h e  na tu re  of t hese  a c t i o n s  over t he  f i f t y  t i m e  
i n t e r v a l s ,  It i s  apparent  t h a t  t h e  bulk  of t h e  module a c t i v i t y  occurs  
thcough t h e  MSK (91,5 percent  of a l l  console  pushbutton, a c t i o n s ) ,  
i s  t o  be expected,  s i n c e  t h e r e  a r e  approximately 62 MSK modules compared 
t o  6 DRK, 2 PCK, 10 FDK, 2 SMEK, and 4ZESO modul2s. 

This  

Conclus ions 

The s i g n i f i c a n t  f a c t s  i l l u s t r a t e d  are  t h a t  
(1) the  MSK TV channel mode (which r e p r e s e n t s  r e l a t i v e l y  l i t t l e  

load upon - the  RTCC) i s  used most (76.0 percent  of a l l  push- 
bu t ton  r e q u e s t s ,  o r  a t o t a l  of 20,563 r eques t s  f o r  t h e  e n t i r e  
GT-8 mission) 
t h e  MSK d isp la j .  format r eques t  mode i s  used f o r  on ly  72,5 
percent  of t h e  d i s p l a y  format r e q u e s t s ,  o r  on ly  about  t h r e e  
times a s  much a s  t h e  DRK i s  used,  even though t h e r e  a r e  
roughly t e n  times as many MSK modules as t h e r e  are  DRK modules. 

(3) modules o t h e r  t han  DRK and MSK p lace  l i t t l e  demand on t h e  
d i s p l a y  system. 

A t o t a l  console  module a c t i v i t y  a n a l y s i s  performed f o r  s e v e r a l  

(2) 

missions can serve t h e  dua l  purpose of a l lowing comparisons of module 
a c t i v i t y  w i t h i n  t h e  va r ious  phases of a given mission,  and a l s o  com- 
par i sons  between d i f f e r e n t  missions.  It can a l s o  se rve  t o  determine 
t h e  e f f e c t  of i nc reas ing  o r  decreas ing  t h e  numbers and types of modules 
on t h e  t o t a l  console  module a c t i v i t y  f o r  a mission,  
a n  i n s i g h t  i n t o  t h e  e f f e c t s  of s e r v i c i n g  m u l t i p l e  missions o r  of adding 
more consoles  and c o n t r o l l e r s .  

This  should o f f e r  



This  type  of s tudy  now r e q u i r e s  a ted ious  manual e f f o r t  t o  t a b u l a t e  
t h e  d a t a ,  b u t t h i s  can be improved by automating t h e  procedure v i a  
computer programs. Another improvement i n  t h i s  a n a l y s i s  could be made 
by examining console  a c t i v i t i e s  w i t h i n  sma l l e r  t i m e  i n t e r v a l s .  These 
improvements seem j u s t i f i e d  s i n c e  t h i s  t o t a l  console  a c t i v i t y  s tudy ,  
combined wi th  a d e t a i l e d  s tudy  of a c t i v i t y  on ind iv idua l  consoles ,  
should provide one wi th  most of t h e  necessary  d a t a  f o r  a t r a c t a b l e  
model of t h e  d i s p l a y  system. By ana lyz ing  s e v e r a l  missions,  t r end  
f a c t o r s  might be d iscerned  which would a l low judgments t o  be made on 
adequacy of equipment des ign  and performance f o r  f u t u r e  missions.  
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MSK VERSUS DRK USAGE ANALYSIS 

Purpose 

This  a n a l y s i s  was a comparison of t he  use  of d i sp l ay  r eques t  
keyboards (DRK) and manual s e l e c t i o n  keyboards (MSK) on those consoles  
conta in ing  both modules. The a n a l y s i s  was done t o  determine console  
ope ra to r  preference  between these  devices  f o r  c a l l i n g  up d i s p l a y  f o r -  
mats,  a s  w e l l  a s  t h e  e f f e c t  of having a DRK on D/TV conve r t e r  channel 
r eques t s .  This  console  opera tor  preference ,  i n  conjunct ion  wi th  an 
inc rease  o r  decrease  i n  number of modules, could a c t  t o  s e r i o u s l y  
a f f e c t  t h e  amount of D/TV channel s a t u r a t i o n .  

Pr oc e dur  e 

Five of t h e  s i x  consoles  conta in ing  both MSK and DRK modules were 
analyzed through t h e  use  of DRIP p r i n t o u t s .  The na ture  of t h i s  delog 
program l i m i t s  t o  f o u r  the  number of consoles  about which d a t a  can be 
obtained i n  a s i n g l e  pass of t he  mission log  t apes .  For GT-8, t h i s  
meant over  two hours of computer t i m e  t o  o b t a i n  t h i s  da t a .  Data on 
a f i f t h  console  was obtained from another  s tudy and it  was not  f e l t  
t h a t  t h e  a d d i t i o n a l  computer time r equ i r ed  was j u s t i f i e d  f o r  ob ta in ing  
da ta  on one more console .  

The consoles  analyzed were : 

(1) Console 7 EECOM (Systems Engineer No. 1) 
(2)  
( 3 )  Console 11 F l i g h t  Dynamics Of f i ce r  
(4)  Console 13 Retro Of f i ce r  
(5) Console 45A RTCC Telemetry Processor Con t ro l l e r  

Console 9 Agena Systems Engineer 

The GNC (Systems Engineer No. 2 ) ,  console  S,  conta ins  a DRK but  
was no t  included i n  t h i s  ana lys i s .  The d a t a  was obtained by count ing 
t h e  number of dynamic d i sp lay  formats requested v i a  t h e  DRK, t h e  
number reques ted  v i a  the  MSK, and t h e  number of TV channel r eques t s  
v i a  t h e  MSK. This  count was made f o r  each of t h e  f i v e  consoles  f o r  
t h e  e n t i r e  GT-8 mission.  

Resul t s  

F igure  1 2  shows opera tor  ac t ions  on DRK and MSK modules f o r  f i v e  
consoles  conta in ing  both types of modules. I n  a l l  f i v e  consoles ,  
t he  DRK module was used most i n  c a l l i n g  up d i sp lay  formats.  The 
DRK was used exc lus ive ly  f o r  reques t ing  d i sp lay  formats i n  t h e  case,  
of EECOM, and almost exc lus ive ly  i n  t h e  case  of t he  F l i g h t  Dynamics 
Of f i ce r .  It i s  i n t e r e s t i n g  t o  note  t h a t  t o t a l  a c t i v i t y  f o r  console  
45A f a r  exceeded the  l e v e l  of a c t i v i t y  f o r  any of t h e  o the r  f o u r  
consoles ;  one reason  f o r  t h i s  seems t o  be a l a r g e  amount of search ing  
o r  r a p i d  s e q u e n t i a l  pushing of d i sp l ay  r eques t  bu t tons  on t h e  p a r t  
of t h e  opera tor .  However, i t  should be noted t h a t  c e r t a i n  func t ions  
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c a l l  f o r  t he  zapid  monitoring and checking of d i s p l a y s ,  i .e. ,  t he  
RTCC Telemetry Processor  C o n t r o l l e r ,  who has t h e  func t ion  of monitoring 
computer-generated te lemet ry  d i sp lays  f o r  cons is tency  wi th  input  d a t a ,  
and cons is tency  between MOC and DSC. He a l s o  monitors te lemet ry  input  
d a t a  f o r  missing d a t a  and v a l i d i t y .  These func t ions  may account f o r  
h i s  r a p i d  s e l e c t i o n  of d i sp l ay  reques ts .  Throughout t h e s e  e n t i r e  
usage ana lyses  a g r e a t  d e a l  of t h i s  type of r eques t  a c t i v i t y  was 
not iced .  This  cond i t ion  i s  cha rac t e r i zed  by m u l t i p l e  r eques t s  of 
d i sp l ays  f o r  t h e  same TV monitor w i t h i n  seconds. It was not un- 
common t o  have on t h e  order  of a dozen r eques t s ,  w i th in  15 seconds,  
f o r  d i s p l a y s  t o  appear on t h e  same TV monitor.  

Conclusions 

I n  gene ra l ,  many console  ope ra to r s  a r e  apparent ly  searching  through 
t h e  e n t i r e  r e p e r t o i r e  of d i sp l ays  and TV channels a t  va r ious  t i m e s  
dur ing  t h e  mission.  A d e t a i l e d  i n v e s t i g a t i o n  and a n a l y s i s  of ope ra t iona l  
procedures and ope ra to r  func t ions  could u s e f u l l y  extend the  present  
analys  i s  e 

The r e l a t i v e  a c t i v i t y  of MSK and DRK modules loca t ed  on t h e  same 
console  i s  apparent  from t h e  graph of Figure 12 .  Operators who have 
both modules show a s i g n i f i c a n t  preference  f o r  t he  DFX over t h e  MSK 
module. It i s  i n t e r e s t i n g  t o  note  t h a t  i n  t h e  t o t a l  console  module 
a c t i v i t y  a n a l y s i s  (page 57 ) t he  overwhelming use of the  MSK i s  
devoted t o  c a l l i n g  up TV channels.  This  type of r eques t  mode has no 
a f f e c t  on t h e  D/TV conve r t e r  channel load,  But when an  ope ra to r  re- 
ques t s  a d i sp l ay  v i a  t h e  DRK o r  t he  d i sp lay  r eques t  mode of t h e  MSK, 
t h e  RTCC w i l l  a s s i g n  t h e  d i s p l a y ,  i f  i t  i s  not  c u r r e n t l y  a v a i l a b l e  
on a channel ,  t o  a conve r t e r  channel., i f  one is  a v a i l a b l e .  Thus 
d i sp lay  format r eques t s  have the  e f f e c t  of loading the  d i sp lay  system 
by us ing  up t h e  l i m i t e d  number of conver te r  channels .  For t h e  consoles  
analyzed i n  t h i s  s tudy ,  t he  number of TV channel r eques t s  is  small  
compared t o  t h e  number of d i sp l ay  format r e q u e s t s ,  whereas f o r  a l l  
consoles ,  t h e  number of TV channel r eques t s  exceeds the  number of 
d i sp l ay  format r e q u e s t s .  Furthermore, possessors  of DRK's make 
more d i sp lay  r eques t s  than o t h e r  ope ra to r s ;  from the  t o t a l  console  
module a c t i v i t y  s tudy t h e  D R K * s  (which r ep resen t  only about 10% of 
t h e  modules capable  of making such r e q u e s t s )  a r e  r e spons ib l e  f o r  
over 27  percent  of such r eques t s .  One can conclude t h a t  any s i g n i f i -  
can t  i n c r e a s e  i n  t h e  number of DRK modules would tend t o  inc rease  
t h e  usage l e v e l  of t h e  D/TV conver te r  channels and thereby inc rease  
t h e  l i k e l i h o o d  of s a t u r a t i o n .  
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COMPUTER INPUT MULTIPLEXER LOADING ANALYSIS 

Purpose 

loading ( i - e . ,  C I M  usage a s  a percent  of t o t a l  C I M  capac i ty )  f o r  
GT-8 and t o  e s t a b l i s h  a technique of a n a l y s i s  t h a t  can be app l i ed  
t o  o the r  missions.  Add i t iona l ly ,  it was hoped t h e  r e s u l t s  of such 
a s tudy  would be u s e f u l  i n  sugges t ing  means of eva lua t ing  a proposal  
t h a t  has  been made t o  u s e  some of t h e  C I M  scanning p o s i t i o n s  f o r  t h e  
Communications, Command, and Telemetry System (CCATS) 

The purpose of t h i s  a n a l y s i s  was t o  determine t h e  average C I M  

Procedure 

pu te r  through t h e  Computer Input  Mul t ip lexer  ( C I M ) *  
h igh  speed s e q u e n t i a l  scanning device  con ta in ing  128 fundamental 
scan  p o s i t i o n s ,  each c o n s i s t i n g  of 8 f i n e  scan  p o s i t i o n s ,  f o r  a 
t o t a l  of 1024 scan  pos i t i ons .  
seconds per  scan  p o s i t i o n .  When a scan p o s i t i o n  con ta ins  a d i s -  
p l ay  r eques t  i n p u t p  t h e  C I M  locks bnto t h a t  p o s i t i o n  u n t i l  it can 
t r ansmi t  t h e  r eques t  ( i n  36-b i t  s e r i a l  words) t o  t h e  RTCC, and then  
proceeds t o  t h e  next  s e q u e n t i a l  scan  pos i t i on .  The maximum t r a n s -  
mission rate t o  t h e  RTCC is  2500 bps.  There a r e  c u r r e n t l y  about 70 
fundamental scan  p o s i t i o n s  assigned.  

t h e  t o t a l  number of i npu t  words t o  t h e  C I M  f o r  each of f i f t y  20- 
minute t i m e  i n t e r v a l s .  This  da t a  was der ived  from t h e  same com- 
p u t e r  p r i n t o u t s  used i n  t h e  t o t a l  console  module a c t i v i t y  a n a l y s i s  
(Page 57) .  The number of words w a s  then  d iv ided  by 20 t o  g ive  an 
average r a t e ,  i n  words per  minute,  f o r  each i n t e r v a l .  These were 
compared t o  t h e  maximum such average ra te  which t h e  CIM can handle  
(4167 words pe r  minute,  a t  t h e  present  computer i npu t  r a t e ) .  

A l l  i n p u t  r eques t s  from t h e  consoles  are funneled t o  t h e  com- 
The C I M  i s  a 

The C I M  scans  a t  a r a t e  of 40 micro- 

The procedure f o r  ob ta in ing  t h e  loading d a t a  was t o  t a b u l a t e  

Resu l t s  

GT-8 mission,  i n  terms of average output  r a t e  i n  words per  minute 
f o r  each of t h e  f i f t y  20-minute t i m e  i n t e r v a l s .  F igu re  13  i s  almost 
an  exac t  r e p l i c a  of F igure  I1 i n  t h e  To ta l  Console Module A c t i v i t y  
Analysis ;  one can thus  c o r r e l a t e  t h e  number of console  input  re- 
ques t s  wi th  percentage of C I M  loading.  A s  an  example, 1,800 t o t a l  
module r e q u e s t s  ( t i m e  i n t e r v a l  8 on Figure  11) rep resen t  an  average 
r a t e  of s l i g h t l y  less than  53 words per  minute ( i n t e r v a l  8 on Figure  
131, o r  approximately 1.3 percent  of maximum C I M  capac i ty .  

C I M  r a t e s  (expressed as a percentage of t h e  maximum C I M  r a t e ) .  

F igu re  13 shows C I M  output  r a t e  c h a r a c t e r i s t i c s  f o r  t h e  e n t i r e  

F igu re  14 i s  a d i s t r i b u t i o n  ( h i s t o g r a d o f  t h e  f i f t y  observed 
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This  d i s t r i b u t i o n  shows, f o r  any of t he  given ranges of rates,  t h e  
number of t i m e  i n t e r v a l s  f o r  which a rate i n  t h a t  range occurred 
( a l s o  expressed as a percentage of t h e  t o t a l  number of t i m e  i n t e r -  
v a l s ) .  The curve has a peak a t  t h e  long-term average  rate (ca lcu-  
l a t e d  t o  be about  0.650 percent  of t o t a l  c a p a c i t y ) .  

The r e s u l t s  c l e a r l y  i n d i c a t e  t h a t  average  C I M  loading  i s  very 
low. The maximum loading  du r ing  any one 20-minute i n t e r v a l  w a s  
1.27 percent  of maximum capac i ty  o r  53.0 words pe r  minute, and t h e  
long-term average  t ransmiss ion  rate w a s  27.3 words pe r  minute com- 
pared t o  t h e  maximum p o s s i b l e  r a t e  of 4167 words per minute. 

Conclusions 

The s i g n i f i c a n c e  of t h e  very low loading  i s  t h a t  t h e  C I M  i s  
e s s e n t i a l l y  ready t o  t r ansmi t  most of t h e  t i m e .  This cannot be 
t r a n s l a t e d  d i r e c t l y  i n t o  a s ta tement  concerning t h e  t i m e  d e l a y  
s u f f e r e d  by a given r eques t  as i t  passes  through t h e  C I M ,  bu t  t n e  
des ign  c h a r a c t e r i s t i c s  of t h e  C I M  are clear and s i m p l e  enough t o  
p e r m i t  t h e o r e t i c a l  c a l c u l a t i o n  of t i m e  de lays  under wors t  case 
cond i t ions  ( a s  done i n  s e c t i o n  111). The l a r g e s t  number of words 
t r ansmi t t ed  i n  any twenty-minute i n t e r v a l  was 1060. I f  t h e s e  had 
been t h e  r e s u l t  of very  closely-bunched inpu t  r e q u e s t s ,  a con- 
g e s t i o n  s i t u a t i o n  would e x i s t  which could have caused a t o t a l  C I M  
de l ay  of up t o  1.5 seconds f o r  a given r eques t .  However, t h i s  
would r e q u i r e  t h a t  a l l  1060 r eques t s  be generated w i t h i n  roughly 
15 seconds,  a near-impossible s i t u a t i o n  f o r  console  r e q u e s t s .  

The number of d a t a  samples used i n  t h i s  a n a l y s i s  i s  probably 
l a r g e  enough t o  a l l o w  e x t r a p o l a t i o n  of r e s u l t s  t o  cases  where addi -  
t i o n a l  scan  p o s i t i o n s  are used, as long as t h e s e  a r e  used f o r  t h e  
same type  of i n p u t s  (mainly d i s p l a y  r eques t s )  as a t  p re sen t .  Thus 
one could expec t  t h a t  doubling t h e  number of u t i l i z e d  scan  pos i -  
t i o n s ,  as a r e s u l t  of doubling t h e  number of consoles ,  would double 
the  average C I M  rates; t h i s  would s t i l k  l eave  t h e  C I M  e s s e n t i a l l y  
i d l e  most of t h e  t i m e .  The proposed use  of 32 a d d i t i o n a l  fundamental 
scan  p o s i t i o n s  ( o r  256 f i n e  scan  p o s i t i o n s )  f o r  CCATS i s  d i f f i c u l t  
t o  handle  on t h i s  e x t r a p o l a t i o n  b a s i s ,  s i n c e  t h e  CCATS inpu t s  may 
d i f f e r  markedly ( i n  terms of ra te  of occurrence) from console 
module i n p u t s .  One can only  say  t h a t  i f  t h e  a d d i t i o n a l  i n p u t s  a r e  
s i m i l a r  i n  n a t u r e  t o  console  i n p u t s ,  t h e  average C I M  loading  w i l l  
i n c r e a s e  from 0.65 percent  t o  2.4%;again, t h i s  g ives  l i t t l e  i n d i -  
c a t i o n  of expected time de lays  s i n c e  the  exac t  na tu re  of receipt of 
CCAT i n p u t s  i s  n o t  known a t  t h i s  t i m e  by t h e  D/C a n a l y s t s .  



DIGITAL/TV CONVERTER CHAWEL OUTAGE STATISTICS 

Purpose 

i s  a n  a n a l y s i s  of equipment outage s t a t i s t i c s  f o r  t h e  conver te r  
channels.  This  fol lows from t h e  f a c t  t h a t  e f f e c t i v e  s a t u r a t i o n  of 
t h e s e  channels can be caused by two f a c t o r s :  1) The heavy u s e  of 
t hese  channels f o r  s e r v i c i n g  d i s p l a y  r e q u e s t s ,  and 2) t h e  phys ica l  
u n a v a i l a b i l i t y  of channels due t o  malfunction and f a i l u r e .  The ob- 
j ec t ive  of t h i s  s tudy  w a s  t o  reveal t h e  e x t e n t  t o  which malfunctions 
c o n t r i b u t e  t o  channel s a t u r a t i o n ,  and t o  o b t a i n  some idea of t h e  
a v a i l a b i l i t y  of t h i s  p a r t  of t h e  system dur ing  GT-8. 

- 
A necessary  p a r t  of any complete a n a l y s i s  of t h e  d i s p l a y  system 

Procedure 
-c- 

The d a t a  needed f o r  t h i s  a n a l y s i s  w a s  a v a i l a b l e  from t h e  same 
DRIP p r i n t o u t  used f o r  t h e  o t h e r  usage ana lyses :  namely, a t i m e  
h i s t o r y  of t h e  equipment s t a t u s  words (ESW) entered  i n t o  t h e  RTCG. 
These ESkJ's show a l l  changes i n  conver te r  channel s t a t u s  ( i . e * ,  from 
operable  t o  inoperable ,  and vice v e r s a ) ;  t h e s e  changes are i d e n t i -  
f i e d  as t o  channel and t i m e  of occurrence,  From t h i s  d a t a ,  informa- 
t i o n  w a s  e x t r a c t e d  as t o  number and d u r a t i o n s  of outages and t h e i r  
d i s t r i b u t i o n  over  t h e  28 channels ,  as w e l l .  as t o  percent  channel 
a v a i l a b i l i t y  dur ing  t h e  mission.  

R e s u l t s  

The outage d a t a  as presented i n  Table 9 i n d i c a t e s  t h a t  channel 
outages were l i m i t e d  t o  a few channels and were mostly of r e l a t i v e l y  
s h o r t  t i m e  d u r a t i o n .  A s  can be seen ,  t h e r e  i s  a high c o r r e l a t i o n  
between number of outages and t o t a l  outage t i m e  ( t o t a l  ''down'g t ime) 
f o r  a given channel.  The wors t  channel,  from both s t a n d p o i n t s ,  w a s  
channel 18; t h i s  channel experienced 8 outages and had a t o t a l  outage 
t i m e  of 27 minutes,  13 seconds ( t h e s e  outages may n o t  be n e c e s s a r i l y  
due t o  equipment malfunct ions) .  However, even t h i s  wors t  channel 
w a s  a v a i l a b l e  f o r  u s e  d u r i n g  approximately 99% of t h e  observa t ion  
t ine .  Some idea  of t h e  a v a i l a b i l i t y  of t h i s  p a r t  of t h e  system can 
be obtained from t h e  t a b l e  (dura t ion  of v a r i o u s  condi t ions  i n  terms 
of number of outages s imultaneously occurr ing) .  Prom t h e s e  f i g u r e s  
it can be s e e n  t h a t  t h e r e  were no outages f o r  92.3% of t h e  mission 
dura t ion .  There were never  more than two channels o u t  a t  t h e  same 
t i m e  e 

Conclusions 

It appears  t h a t  t h e r e  were no s e r i o u s  d i f f i c u l t i e s  i n  keeping 
t h e  c o n v e r t e r  channels i n  opera t ion .  The outages do n o t  n o t i c e a b l y  



Table 9 
Digital/TV Channel Outage Statistics (ESW) 

Duration Duration 
of A s  % of 

C ond i t ion Miss ion 

(a) Condition 0 (no outages) 1 3  hr. ,55'13 92.3 % 
(b) Condition 1 (1 outage) 1 hr., 4 ' 4 3  7.2 % 
(c) Condition 2 ( 2  outages) 0 ' 2 1  0.5 % 

100.0 % 

66% of the outages are less than 1 minute duration 
17% of the outages lie between 1 and 5 minutes duration 
17% of the outages lie between 5 and 1 2  minutes duration 

Channel 
Number 18 01 

0 '  3 0 '  3 
0 '  9 0 ' 3 5  
0 ' 1 5  0 ' 3 6  

of 

8 ' 4 8  1 0 ' 5 2  

27 '13  

11 05 
0 '  1 0'10 
0'11 
0 ' 4 3  
1 ' 3 3  - 4 ' 2 0  
6 ' 4 8  

0 ' 1 4  
3 '  6 
3 ' 3 0  
- 

A1 1 
15 Other 

0 ' 1 3  0 ' 2 8  0 ' 1 4  0 '  7 0 '  5 0 ' 0  
0 ' 5 1  0 ' 2 8  0 ' 1 4  0 '  7 0 '  5 0 '  1 
1 ' 0 4  

14 07 17 0 2  21 

- 

Numbers below the lines are total 
outage times for various channels 

Number of 
Outages 8 7 5 3 2 1 1 1 1 1 0 

Total 
Outage 
Time 2 7 ' 1 3  2 5 ' 5 5  6 ' 4 8  3 '30  1 ' 0 4  0 ' 2 8  0 ' 1 4  0 '  7 0 '  5 0 '  1 0 

(Total outage time over all channels = 6 5 ' 2 5  or 65.42 channel-minutes) 

" .  
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a f f e c t  t h e  d a t a  o r  s t a t i s t i c s  of t h e  o t h e r  usage ana lyses  and no 
f u r t h e r  a n a l y s i s  of outages seems warranted f o r  o t h e r  missions 
(except f o r  one more mission t o  ensure t h a t  da t a  f o r  GT-8 was no t  
a n  anomaly), un le s s  equipment r e l i a b i l i t y  decreases  s i g n i f i c a n t l y  
(a cond i t ion  which would be r e a d i l y  no t i ced  dur ing  ope ra t ions ) .  
major conclusion i s  t h a t  t h e  D/TV Converter i s  about 100% a v a i l a b l e  
f o r  almost 100% of t h e  t i m e ,  and hence t h a t  channel s a t u r a t i o n  is  
caused almost e n t i r e l y  (when it occurs) by l a r g e  demand on t h e  sys -  
t e m  from console  ope ra to r s .  Thus t h e  remedy f o r  t h e  occas iona l  
channel s a t u r a t i o n  which occurs  ( i f  a remedy i s  needed) i s  simply 
t o  add more conve r t e r  channels ,  r a t h e r  t han  t o  t r y  t o  inc rease  t h e  
r e l i a b i l i t y  of i nd iv idua l  channels .  This  conclusion must be q u a l i -  
f i e d  by t h e  f a c t  t h a t  t h e  d a t a  used were f o r  a r e l a t i v e l y  s h o r t  
mission,  and conceivably could have been d i f f e r e n t  i f  based on 
f a i l u r e s  dur ing  a long mission. 

The 
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OTHER USAGE ANALYSES CONSIDERED 

I n  a d d i t i o n  t o  t h e  foregoing 
were considered bu t ,  f o r  va r ious  
d e s c r i p t i o n s  of t h e s e  appear below. 

ana lyses ,  s e v e r a l  o the r  s t u d i e s  
reasons ,  were not  attempted. Br ie f  

Breakout & console  of such d a t a  a s  number of d i f f e r e n t  types 
of input  a c t i o n s  and when they occurred,  which d i sp lay  formats 
were r e t r i e v e d  and by what types of r eques t  a c t i o n s ,  "up" t i m e  
(on t h a t  console ' s  monitor sc reens)  of each format viewed, 
e t c .  A l i m i t e d  amount of console  - s p e c i f i c  information was 
der ived  i n  t h e  DRK vs MSK a n a l y s i s  and i n  t h e  a n a l y s i s  of 
t h e  t h r e e  L i f e  Systems Consoles. 

Analysis  of FDK use.  This  would inc lude  t i m e  h i s t o r i e s  of 
FDK ou t -o f - l imi t  a l e r t s  and opera tor  responses  t h e r e t o ,  a s  
w e l l  a s  r a t i o  of responses  t o  a l e r t s .  

Comparison of t he  f u n c t i o n a l  group t o  which a console  belongs 
wi th  t h e  f u n c t i o n a l  group(s )  t o  which t h e  d i sp lays  viewed 
a t  t h a t  console  belong. This  r e q u i r e s  some f e a s i b l e  pro- 
cedure f o r  determining which d i sp lays  were on which TV 
channels a t  which t i m e s ,  and would use  d a t a  of t h e  type  
descr ibed  i n  (1). 

Determinat ion of i n t e r a r r i v a l - t i m e  s t a t i s t i c s  f o r  d i sp l ay  
format and TV channel r e q u e s t s ,  aga in  using d a t a  of t h e  type 
descr ibed  i n  (1). This  would inc lude  a comparison of t hese  
s t a t i s t i c s  from console  t o  console ,  a s  w e l l  a s  s p e c i f i c a t i o n  
of t h e  aggregate  s t a t i s t i c s  f o r  a l l  consoles .  

Tabula t ion ,  by d i sp lay  formats ,  of t h e  number of console  
monitors d i sp l ay ing  t h a t  format ,  a s  a func t ion  of t i m e .  
This  would y i e l d ,  among o t h e r  t h ings ,  t h e  t o t a l  monitor-hours 
f o r  each format.  

RTCC de lay  i n  processing a d i sp l ay  r eques t .  By comparing 
t h e  t i m e  of input  of each r eques t  t o  t h e  t i m e  of ou tput  
response,  t h e  s t a t i s t i c s  of t h e  RTCC processing de lays  could 
be determined. 

Time h i s t o r y  and s t a t i s t i c s  of t he  number of D/TV channels 
i n  use ,  ob ta ined  from RTCC output  da t a .  



.. . 

(8) Input  word r a t e s  f o r  t h e  DDDSDD, a s  a f u n c t i o n  of t ime, 
ob ta ined  from t h e  logged RTCC output  da t a .  This  might 
a l s o  inc lude  an a n a l y s i s  of “on” t i m e ,  duty cyc le ,  e t c . ,  f o r  
va r ious  d i g i t a l  d i s p l a y  lamps (event  l i g h t s ,  e t c . ) .  

(9) Console output  a c t i v i t y ;  i .e . ,  t h e  number of  RTCC and o t h e r  
ou tpu t s  t o  each console ,  a s  a func t ion  of t i m e .  S t a t i s t i c a l  
a n a l y s i s  of such d a t a  should d i s c l o s e  t h e  r e l a t i v e  i n f o r -  
mation load being appl ied  t o  each console  opera tor .  

Some of t h e  above a n a l y s e s ’ a r e  recommended f o r  f u t u r e  accomplishment 
i n  the  f i n a l  s e c t i o n  of t h i s  volume. 



SECTION V 
SUMMARY OF CONCLUSIONS 

SPECIFIC CONCLUSIONS 

Based on the detailed conclusions given in SECTION IV and the 
CIM delay calculations in SECTION III, the following specific con- 
clusions, in several categories, can be stated. 

System Loading, Saturation, Availability 

(1) The Computer Input Multiplexer (CIM) was very lightly loaded, 
on an average basis, during GT-8 (at a maximum of 1.3% and 
an average of 0.6% of the CIM capacity). The average loading 
caused by the proposed addition of scan positions for CCATS 
can be absorbed readily, provided the loading characteristics 
of the CCATS inputs are similar to display request loading 
characteristics. 
Malfunctions of D/TV Converter channels were insignificant 
during GT-8, resulting in almost 100% hardware availability 
of this part of the display system. 

D/TV Converter during GT-8 (due to demands for displays by 
console operators) reached levels which would cause concernr 

(2) 

(3) There was no conclwive evidence that saturation of the 

Module Activity 

(1) The greatest percent of display-retrieval actions by console 
operators was accomplished via a request mode which pro- 
duces relatively light loading on the system (TV channel-Re- 
quest Mode) . 
Of the six types of modules used by console operators to 
make input requests via the CIM, two (MSK and DRK) accounted 
for 97 percent of all requests during GT-8; hence these two 
types are of most interest from the standpoint of demand on 
the display system. 
Console operators, if they have a choice, prefer DRK's over 
MSK'S for making display format requests. 
those DRK's installed for GT-8 accounted for a disproportion- 
ately large number of format requests. Hence the installation 
of more DRK's, as opposed to MSK;s,  will place relatively 
more load on the display system and increase the chances of 
saturation. 

( 4 )  The study of console module activity, on a time-of-occurrence 
basis, allows the projection and extrapolation of system 

(2) 

(3) 
In addition, 
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loads  a s  a func t ion  of numLers of modules added t o ,  o r  
d e l e t e d  from, t h e  system. It can  a l s o  provide the  demand 
s t a t i s t i c s  necessary f o r  p red ic t ing  system de lays  i n  res- 
ponding t o  ope ra to r  reques ts .  

Display Format Usage 

(1) There was some evidence, i n  GT-8, of poss ib l e  anomalies i n  
d i s p l a y  format usage, a l though t h i s  conclus ion  i s  based on 
l i m i t e d  da ta .  These inc lude ,  as examples, a l a r g e  v a r i a t i o n  
i n  t h e  number of t i m e s  each d i sp lay  format was c a l l e d  (both  
over  a l l  formats  and over f u n c t i o n a l  ,groups of formats),  
and i n d i c a t i o n s  i n  one s tudy t h a t  t he  L i f e  Systems func t iona l  
group of consoles  u t i l i z e d  very few d i sp lays  belonging t o  
t h a t  group while  u t i l i z i n g  many more d i s p l a y s  from o the r  
f u n c t i o n a l  groups. I f  t hese  anomalies a r e  found t o  be 
t y p i c a l  through f u r t h e r  s tudy ,  t h i s  could i n d i c a t e  t h a t  
r educ t ions  i n  d i sp l ay  formats a r e  poss ib l e  by d e l e t i n g  some 
and/or combining o t h e r  formats.  

T i m e  Delay - 
(1) The d i sp lay  system's  de lay  i n  responding t o  a console  

o p e r a t o r ' s  r eques t  i s  important from a performance view- 
po in t  as  w e l l  a s  being highly v a r i a b l e  and dependent on 
s e v e r a l  random f a c t o r s .  Calcu la ted  worst-case de lays  a r e  
i n t o l e r a b l e ;  however, t h e  d i s p l a y  system's  a c t u a l  average 
de lay  probably i s  much c l o s e r  t o  the  b e s t  ca se  (less than  
4 seconds) than  t o  t h e  worst  case.  Even though a l l  i n -  
d i c a t i o n s  a r e  t h a t  t h e  worst  ca ses  seldom occur ,  t h e i r  exac t  
p r o b a b i l i t i e s  of  occurrence a r e  not  now known., It should be 
noted t h a t  t h e  s ta tement  concerning C I M  adequacy f o r  proposed 
CCATS use does not  inc lude  de lay  as  a cons idera t ion .  

GENERAL OBSERVATIONS AND CONCLUSIONS 

A number of somewhat more genera l  observa t ions  and co ix lus ions  
can be s t a t e d ,  not  a l l  of which a r e  d i r e c t  r e s u l t s  of t h e  va r ious  
ana lyses  performed., These a r e  l i s t e d  below under two ca t egor i e s .  

System Hardware C h a r a c t e r i s t i c s  

(1) A l l  console  ope ra to r  i n t e r a c t i o n s  wi th  t h e  d i sp lay  system 
hardware a r e  by means of mechanical devices  such as push- 
bu t tons ,  thumbwheel and toggle  swi tches ,  and d i a l s .  At' 
p r e sen t ,  no use i s  made of t h e  d i sp lay  s u r f a c e  as an  input  
device ,  which can have advantages i n  c e r t a i n  cases ,  



The hardware of t he  d i sp lay  system i s  very f l e x i b l e ,  wi th  
i t s  patching and in t e r - connec t ion  c a p a b i l i t i e s ;  t h i s  has 
both advantages and disadvantages.  One disadvantage i s  the  
l a c k  of s tandard ized  conf igura t ions  from mission t o  mission. 
This tends t o  produce a documentation problem, a s  w e l l  a s  
r equ i r ing  s i g n i f i c a n t  t i m e  and e f f o r t  i n  phys ica l ly  rewir ing  
t h e  system. A remedy which has been suggested is  recon- 
f i g u r a t i o n  v i a  computer sof tware ;  t h e  d e s i r a b i l i t y  of t h i s  
approach, indeed t h e  d e s i r a b i l i t y  of any change i n  f l e x i b i l i t y ,  
can be eva lua ted  only by f u r t h e r  s tudy.  
The d i sp lay  system hardware i s ,  by and l a r g e ,  spec ia l -purpose  
hardware, a t  l e a s t  a t  t h e  subsystem and major u n i t  levels. 
It i s  computer-specif ic  i n  a t  l e a s t  a few ways, i .e.,  it 
w i l l  work without  modi f ica t ion  only wi th  computers having a 
36-b i t  word l eng th ,  and having c e r t a i n  input  and output  r a t e s .  
It i s  not  designed t o  work wi th  c e r t a i n  types of computers, 
e.g., those  designed f o r  t ime-sharing opera t ion .  None of 
t hese  s ta tements  a r e  meant a s  c r i t i c i s m s  of t h e  system. 
The c i r c u i t s  and techniques used throughout a r e  q u i t e  s tand-  
a rd ,  w i t h i n  each major u n i t .  
The r a t i o  of capac i ty  t o  average o r  peak demand probably 
v a r i e s  t o  some e x t e n t  throughout t h e  d i sp lay  system. While 
some v a r i a t i o n  is  t o  be expected,  an excess ive  v a r i a t i o n  i n  
t h i s  r a t i o  i n d i c a t e s  i n e f f i c i e n c y  of u t i l i z a t i o n  of equip- 
ment. Whether t h e  v a r i a t i o n  i s  w i t h i n  reasonable  bounds 
was not  determined i n  t h i s  study. 
P o t e n t i a l  l i m i t i n g  f a c t o r s  on system performance inc lude  
input  f a c t o r s  such a s  the  C I M  o r  ACIM (number of s can  
p o s i t i o n s ,  scanning r a t e ,  ou tput  t ransmiss ion  r a t e s ) ,  
computer processing f a c t o r s  ( inpu t lou tpu t  r a t e s ,  processing 
de lay ,  p r i o r i t y  s t r u c t u r e  f o r  i n t e r r u p t s ) ,  and output  f a c t o r s  
such a s  t h e  number of D/TV channels.  Based on t h e  l imi t ed  
r e s u l t s  of t h i s  s tudy ,  none of t hese  p o t e n t i a l  t r o u b l e  a reas  
seem t o  be a c t i n g  a s  "bot t lenecks" w i t h  t h e  present  l e v e l  
of system usage, It i s  i n t e r e s t i n g  t o  note  t h a t  queuing 
can occur f o r  t he  system i n  a t  l e a s t  t h r e e  p l aces :  a t  t h e  i n -  
pu t . to . the :CIH , i n  t h e  RTCC, and i n  t h e  Video Scanner 
Control  u n i t  ( s to rage  of hardcopy r eques t s ) .  

System Analysis  Fac tors  

(1) Usage a n a l y s i s  of t h e  s o r t  done f o r  t h i s  s tudy i s  ted ious  
and time-consuming, due t o  the  l a r g e  amount of manual 
labor  involved. 
C e r t a i n  f a c t s  a r i s i n g  from t h e  usage d a t a  a n a l y s i s  a r e  un- 
explained,  e.g., t h e  l a c k  of peaks i n  d i sp l ay  system a c t i v i t y  
during t h e  cr is is  per iod of GT-8 and a s i g n i f i c a n t  number 

(2 )  
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of d i sp lay  formats having l i t t l e  o r  no usage during t h i s  
mission.  Such f a c t s  cannot be i n t e r p r e t e d  from l o g  da ta  
a lone ;  they r e q u i r e  i n  a d d i t i o n  a knowledge of ope ra t iona l  
procedures,  human opera tor  preferences ,  and understanding of 
t h e  func t ions  and needs of va r ious  F l i g h t  C o n t r o l l e r s  and 
console  ope ra to r s .  

(3 )  The r e s u l t s  of t h e  usage s t u d i e s  i n d i c a t e  t h a t  they a r e  of 
b a s i c  importance t o  both assessment of p a s t  opera t ions  and 
p r e d i c t i o n  of system performance dur ing  f u t u r e  opera t ions  
(v i a  providing t h e  d a t a  needed t o  c o n s t r u c t  u s e f u l  a n a l y t i c a l  
models of t h e  d i sp lay  system's ope ra t ion ) .  

( 4 )  Many system parameters : i d e n t i f i e d  and s t u d i e d  i n  t h i s  
a n a l y s i s  (e.g., D/TV channel s a t u r a t i o n ,  t h e  number of 
d i f f e r e n t  d i s p l a y s  c a l l e d  per u n i t  t i m e ,  average CIM r a t e s ,  
e tc . )  e x h i b i t  a v a r i a t i o n  with t i m e  which i s  e s s e n t i a l l y  
random. This  impl ies  a s t a t i s t i c a l  approach i n  cons t ruc t ing  
t h e  models mentioned i n  ( 4 )  above. 

78 



SECTION V I  

RECOMMENDATIONS 

Recommendations r e l a t i v e  t o  t h e  Display and Cont ro l  system a r e  
g iven  below i n  t h r e e  mqjor ca t egor i e s .  

MODIFICATION OF PRESENT SYSTEM 

Immediate and ex tens ive  r edes ign  o r  mod i f i ca t ion  of t h e  C / D  system 
i s  not  j u s t i f i e d  by any evidence ga thered  i n  t h i s  s tudy ,  and i s  not  
recommended. 

This  recommendation does not  mean t h a t  r e l a t i v e l y  minor changes 
(e.g., a d d i t i o n  of f o u r  t o  e i g h t  D/TV channels o r  assignment of some 
unused C I M  scan  pos i t i ons  t o  CCATS) should not  be considered.  A t  
l e a s t  one such minor change, an inc rease  i n  t h e  number of DRK modules, 
i s  con t r a - ind ica t ed  by t h i s  study and should be avoided. The re- 
commendation does mean t h a t  r e l a t i v e l y  major changes (e.g., a change 
i n  t h e  method of genera t ing  d isp layed  c h a r a c t e r s ,  o r  changes i n  the  
type and degree of c e n t r a l i z a t i o n  of d i sp l ay  memory) should be made 
only a s  j u s t i f i e d  by q u a n t i t a t i v e  evidence of need. 

EXTENSION OF PRESENT STUDIES 

It i s  recommended t h a t  t h e  type  of d i sp l ay  system a n a l y s i s  begun 
under t h i s  c o n t r a c t  and descr ibed  i n  t h i s  r e p o r t  be continued. A s  
p a r t  of t h e  con t inua t ion ,  t h e  a n a l y s i s  techniques developed he re  should 
be broadened, extended, and improved. More s p e c i f i c  and d e t a i l e d  
recommendations a r e  g iven  below. 

Cont inua t ion  of Es tab l i shed  Analyses 

Those ana lyses  concerned wi th  p o t e n t i a l  system problem a reas  
(e.g., channel s a t u r a t i o n  and system response t i m e )  a r e  recommended 
f o r  long-term con t inua t ion ,  a s  follows: 

(1) D/TV Channel S a t u r a t i o n  Analysis .  This  a n a l y s i s ,  i n  a t  
l e a s t  i t s  present  degree of development (measurement of 
RED/AMI)ER condi t ions)  should be done f o r  s e v e r a l  p a s t  
missions and f o r  each new mission,  pr imar i ly  t o  d e t e c t  any 
dangerous t r ends  i n  channel s a t u r a t i o n .  The a n a l y s i s  can 
be made more e f f e c t i v e  f o r  t h i s  purpose by improvements 
descr ibed  l a t e r .  
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Funct iona l  Console Group Analysis  e This a n a l y s i s  ex- 
empl i f ied  by t h e  L i f e  Systems Consoles s tudy repor ted  i n  
SECTION I V ,  should be completed ( ana lys i s  of all, 
f u n c t i o n a l  console  groups) f o r  GT-8, and should be done 
f o r  enough o t h e r  missions t o  e s t a b l i s h  whether t h e r e  a r e  
s i g n i f i c a n t  anomalies i n  d i s p l a y  format usage. 

T o t a l  Console Module A c t i v i t y  Analysis .  This  a n a l y s i s ,  wi th  
improvements descr ibed  l a t e r ,  should be performed f o r  
s e v e r a l  pas t  missions and f o r  each new mission,  pr imar i ly  
f o r  t he  purposes of e s t a b l i s h i n g  t r ends  i n  ope ra to r  demand 
and determining t h e  d i s t r i b u t i o n  of i n t e r a r r i v a l  times f o r  
d i sp l ay  r eques t s .  These f a c t o r s  should be of s i g n i f i c a n t  
a i d  i n  p red ic t ing  system response t i m e s  f o r  f u t u r e  missions.  

It is  recommended t h a t  o the r  already-developed ana lyses  be con- 
t inued  f o r  a t  l e a s t  one mission beyond GT-8, pr imar i ly  f o r  conf i rmat ion  
of GT-8 r e s u l t s  and i n d i c a t i o n  of any s i g n i f i c a n t  t r e n d s ,  a s  fo l lows:  

(1) MSK versus  DRK Usage. This a n a l y s i s  should be completed 
by analyzing GT-8 da ta  on one a d d i t i o n a l  console  (Console 8, 
GNC) and t h e  complete s ix-console  a n a l y s i s  run  f o r  one 
a d d i t i o n a l  m i s s  ion ,  

( 2 )  D/TV Channel Outages. This a n a l y s i s  should be performed 
f o r  a mission cons iderably  longer  than  GT-8, i n  o rde r  t o  
determine whether mission d u r a t i o n  has any s i g n i f i c a n t  
e f f e c t  on channel a v a i l a b i l i t y .  

( 3 )  -Loading Analysis .  This should be repea ted  f o r  one 
a d d i t i o n a l  mission.  

Improvements Analysis  Techniques 

It i s  recommended t h a t  va r ious  improvements be made i n  the  
a n a l y s i s  techniques ,  a s  fol lows : 

(1) Contact  and working r e l a t i o n s h i p s  should be e s t a b l i s h e d  
between MITRE and ope ra t iona l  personnel  engaged i n  a c t u a l  
f l i g h t  c o n t r o l  a c t i v i t i e s ;  only i n  t h i s  way can c e r t a i n  
f a c t s  ob ta ined  from a n a l y s i s  be i n t e r p r e t e d  c o r r e c t l y .  

(2)  The averaging e f f e c t  introduced by use of 20-minute t i m e  
i n t e r v a l s  should be e l imina ted ,  i n  some cases ,  by working 
w i t h  ins tan taneous  changes i n  system s t a t u s  and demand. 
This  a p p l i e s  p a r t i c u l a r l y  t o  t h e  To ta l  Console Module 
A c t i v i t y  Analys is ,  where i t  would p e r m i t  t h e  c a l c u l a t i o n  
of console  r eques t  i n t e r a r r i v a l  t i m e s ,  This  ana lys i s  



( 3 )  

( 4 )  
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would a l s o  be improved by obta in ing  d a t a  f o r  i nd iv idua l  
consoles  a s  w e l l  a s  t o t a l s .  

The D/TV Channel S a t u r a t i o n  a n a l y s i s  should be extended 
t o  g ive  a complete d i s t r i b u t i o n  of channel assignment; 
i .e.,  no t  j u s t  i n  two ranges (24 t o  25 channels and 26 t o  
28  channels)  but i n  u n i t  ranges from 0 t o  28, plus  add i t ion -  
a l  "demand" ranges above 28  (channels demanded but  not  
ass igned because of s a t u r a t i o n ) .  

Some means of automating t h e  present  ted ious  manual pro- 
cedures  f o r  analyzing usage d a t a  i s  almost mandatory. It 
is ;  recommended t h a t  e f f o r t  begin a t  once on developing a 
computer program t o  perform t h e s e  procedures au tomat ica l ly  
and r a p i d l y ,  and t o  output  e i t h e r  t a b u l a r  da t a  o r  f i n a l  
curves .  This  recommendation app l i e s  t o  a l l  ana lyses  re-  
ported he re  as  w e l l  a s t o  new ana lyses  recommended i n  the  
fol lowing paragraphs. 

- New Analyses 

It i s  recornmended t h a t  two ana lyses  not  performed i n  t h i s  study 
(but  based on Same) be designed and c a r r i e d  out  f o r  GT-8 and o the r  

as  descr ibed  below: 

- RTCC Delays, The a c q u i s i t i o n  of d a t a  on var ious  d i sp lay  
ou tpu t s  from t h e  RTCC, followed by comparison wi th  inpu t  
r eques t  d a t a ,  i s  recommended a s  one means of determining 
RTCC t i m e  de lay  i n  processing d i sp lay  r eques t s  ( t h i s  de lay  
i s  one unknown f a c t o r  i n  e s t ima t ing  t o t a l  system de lays ) .  
This  a n a l y s i s  should be c a r r i e d  out  f o r  GT-8 and s e v e r a l  
o t h e r  missions 

Trend Analysis .  A t rend  a n a l y s i s  based on usage d a t a  from 
more than  one mission should be developed, pr imar i ly  f o r  
t h e  purpose of e s t a b l i s h i n g  mission-to-mission t r ends  and 
c o r r e l a t i o n s .  A q u a n t i t a t i v e  a n a l y s i s  of t h i s  type need 
not be excess ive ly  complex, bu t  i s  of exceedingly g r e a t  
importance i n  es t imat ing  system requirements f o r  f u t u r e  
missions e 

INSTITUTION OF DIFFERENT TYPES OF STUDIES 

Three types of s t u d i e s ,  somewhat d i f f e r e n t  from t h e  Usage Analysis  
S tud ie s  r epor t ed  he re ,  a r e  recommended f o r  cons ide ra t ion ;  t hese  a r e  
descr ibed  i n  t h e  fol lowing,  
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Display S t r u c t u r e  & Content Study 

It i s  recommended t h a t  cons ide ra t ion  be g iven  t o  a s tudy of 
d i sp l ay  formats ,  from a des ign  poin t  of view and f o r  t he  purpose 
of determining i f  i t  i s  d e s i r a b l e  and p r a c t i c a l  t o  e l i m i n a t e  and/or 
combine some of t he  formats.  Such a s tudy would necessa r i ly  involve 
ope ra t iona l  procedures,  needs,  and p o l i c i e s ,  and could t u r n  out  t o  
involve f a i r l y  ex tens ive  a n a l y s i s  of d i sp l ay  conten t .  Fac tors  which 
might be considered a r e  redundancy, c h a r a c t e r  d e n s i t y ,  opera tor  
preference ,  and a usage f a c t o r  f o r  each format.  The r e s u l t s  of t h i s  
s tudy  could,  by reducing t h e  number of computer-stored formats ,  de-  
c r ease  t h e  number of d i s p l a y - r e t r i e v a l  a c t i o n s  and inc rease  the  average 
information conten t  of t h e  d i sp lays ;  t h i s  would both reduce t h e  t i m e  
requi red  of t he  RTCC t o  handle d i sp l ay  r eques t s  and decrease t h e  de-  
mand f o r  t h e  ( l i m i t e d )  number of D/TV channels  a v a i l a b l e ,  

Study of Demand/Performance Models 

The performance of t h e  d i sp lay  system ( o r  of any system involving 
manjmachine i n t e r a c t i o n )  i s  dependent on two f a c t o r s :  

(1) The way i n  which va r ious  system hardware and sof tware 

(2)  The demand placed upon t h e  system, p r imar i ly  by human 
elements opera te .  

ope ra to r s ,  

I n  t h e  present  ca se ,  t h e  f i r s t  f a c t o r  involves  ope ra t ing  c h a r a c t e r i s t i c s  
which a r e  e i t h e r  w e l l  understood o r  can  be e a s i l y  measured; i n  t h e  
aggregate ,  t hese  c h a r a c t e r i s t i c s  (expressed numerical ly)  form a 
mathematical  model of t h e  system. Where only a po r t ion  of t h e  t o t a l  
system i s  of i n t e r e s t ,  such a model i s  o f t e n  r e l a t i v e l y  simple and 
s t r a igh t fo rward .  

The second f a c t o r ,  involving a s  i t  does t h e  complex and 
par t ia l ly-random i n t e r a c t i o n s  of a l a r g e  number of ope ra to r s ,  cannot 
be descr ibed  by a d e t e r m i n i s t i c  model such a s  used f o r  t h e  system 
hardware. Here, a s t a t i s t i c a l  model i s  more appropr i a t e .  Again, 
such models a r e  o f t e n  s imple (e.g. ,  i n  t h e  form of d i s t r i b u t i o n s  
such a s  those  p l o t t e d  i n  some of t h e  f i g u r e s  of SECTION IV), but may 
be more d i f f i c u l t  t o  cons t ruc t .  

It i s  recommended t h a t  a s tudy be performed f o r  t h e  purpose 
of cons t ruc t ing  models of both types which can  reasonably approximate 
t h e  ope ra t ion  of t h e  d i sp lay  system w i t h  regard  t o  i t s  d i sp lay - re -  
t r i e v a l  func t ion .  The two types of model would be designed t o  work 
toge the r ,  w i th  t h e  s t a t i s t i c a l  model s e rv ing  a s  "input" t o  the  
d e t e r m i n i s t i c  one; t he  r e s u l t i n g  composite model could then  be used 
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( a n a l y t i c a l l y  o r  v i a  s imula t ion  techniques)  t o  p r e d i c t  system per- 
formance f o r  a v a r i e t y  of ope ra t ing  condi t ions  and over a range 
of system loads.  I n  t u r n ,  t h i s  a l lows the  p r e d i c t i o n  of system 
adequacy f o r  f u t u r e  missions and enables  one t o  make var ious  r edes ign  
t r a d e o f f s .  A study of t h i s  type would complement t h e  va r ious  usage 
ana lyses  recommended; e.g. ,  i t  might make use  of c e r t a i n  s t a t i s t i c s  
ga thered  from usage d a t a  and might i n d i c a t e  a d d i t i o n a l  types of usage 
d a t a  which a r e  important.  

System Conf igura t ion  Study 

Recommended f o r  cons ide ra t ion  is  t h i s  f a i r l y  broad s tudy encom- 
passing var ious  system-level  concepts and ques t ions  p e r t i n e n t  t o  t h e  
Display and Cont ro l  System. The o b j e c t i v e  would be t o  provide NASA 
with  t h e  q u a n t i t a t i v e  information necessary f o r  making a c q u i s i t i o n  
and des ign  dec i s ions  f o r  t h a t  system. 

Examples of appropr i a t e  sub jec t - a reas  f o r  i n v e s t i g a t i o n  inc lude  
t h e  fol lowing : 

(1) The v a r i a t i o n  and balance,  among va r ious  system elements ,  
of t he  r a t i o  of capac i ty  t o  demand. A s  an example, i f  t h i s  
r a t i o  were 1 .2  f o r  a c e r t a i n  u n i t  and 1.8 f o r  a second u n i t ,  
and i f  t h e s e  two u n i t s  a r e  always used toge ther  i n  response 
t o  the  same demand, t hen  t h e  e x t r a  60% over-capaci ty  of 
t h e  second u n i t  can  never be u t i l i z e d .  This r a t i o  i s  
c l o s e l y  connected wi th  t h e  economic f a c t o r  of percent  
u t i l i z a t i o n  of equipment. 

(2) The degree of c e n t r a l i z a t i o n  of d i sp l ay  r e f r e s h  memory, 
i .e- ,  t h e  degree t o  which such memory capac i ty  is  a v a i l -  
a b l e  f o r  common use  (on a space-shar ing b a s i s )  t o  t h e  
ind iv idua l  console  opera tors .  This  f a c t o r  can s i g n i f i c a n t l y  
a f f e c t  both equipment c o s t s  and performance of t h e  system. 

( 3 )  The d e s i r a b i l i t y  and p r a c t i c a l i t y  of doing a t  l e a s t  p a r t  
of t h e  pre-mission r econf igu ra t ion  ( re -wir ing ,  patching,  
e t c )  v i a  computer sof tware ,  

( 4 )  The i n t e r a c t i o n s  and mutual e f f e c t s ,  between the  d i sp lay  
system and o the r  systems, due t o  changes i n  the  des ign  o r  
ope ra t ion  of e i t h e r .  

(5) The degree of s t a n d a r d i z a t i o n  ( i n  hardware, system con- 
f i g u r a t i o n ,  console  conf igu ra t ion ,  e t c . , )  which b e s t  s u i t s  
t h e  needs of t he  MCC. 
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The p o t e n t i a l  a p p l i c a t i o n  and inco rpora t ion  of new advances 
i n  d i sp l ay  and c o n t r o l  technology. This impl ies  continuous 
cognizance of new techniques and devices  ( e o g o ,  computer 
t i m e  sha r ing ,  on- l ine  graphics ,  l i g h t  pen input  techniques,  
"RAND Tablet ' '  dev ices ,  e l e c t r o n i c  c h a r a c t e r  genera t ion ,  
e lec t ro luminescent  and r e f l e c t i v e  d i sp lay  s u r f a c e s ,  t h e  
use  of d i sp layed  "keyboards" and cu r so r s ,  and t h e  d i a l i n g  
of te lephone connect ions v i a  t h e  d i sp lay  su r face ) .  

( 7 )  Performance-degradation curves which show how system 
performance i s  degraded by both inc reases  i n  loading and 
decreases  (due t o  equipment malfunct ions)  i n  system 
c a p a b i l i t y .  The l a t t e r  would i n d i c a t e  t h e  e x t e n t  t o  which 
t h e  system was " f a i l  so f t " ,  i .e.,  t o  which gradual ,  i n s t ead  
of abrupt ,  performance degrada t ion  occurred.  

The aggregate  knowledge gained i n  t h e  above s tudy  a reas  should 
se rve  t o  more p rec i se ly  d e f i n e  the  t r a d e o f f s  which can be made w i t h  
r e spec t  t o  t h e  Display and Control  System. They should l ead  t o  
q u a n t i t a t i v e  procedures f o r  p red ic t ing  t h e  consequences of var ious  
choices  i n  system conf igu ra t ion ,  and, u l t i m a t e l y ,  i n  making t r a d e o f f s  
between f a c t o r s  such a s  c a p i t a l  expendi tures  and c o s t s ,  procurement 
t i m e ,  obsolescence,  performance, f l e x i b i l i t y ,  and back-up c a p a b i l i t y .  

A. S. Goldstein 

a*,\ G. Be Hawthorne, Jr. 
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